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NINTH ANNUAL CONGRESS ON INDUSTRIAL HEALTH 


REPORT OF THE PANEL ON ENVIRONMENTAL HYGIENE 
Drake Hotel, Chicago, Jan. 18 and 19, 1949 
INTRODUCTION 
HE PANEL on Environmental Hygiene of the Ninth Annual 
Congress on Industrial Health was organized to study and appraise 
present practices and administrative methods and to determine the need 
for improvement and supplementation. Consideration was addressed to 


(1) better and wider industrial use of presently accepted facts, technics 


and practices; (2) areas of deficient knowledge in order to improve 


present methods or to develop new and better data, technics and 
practices; (3) trends and needs of the future, such as the scope of 
environmental hygiene, acceptable standards for working conditions, 
the anticipation and control of occupational exposure in the development 
and design stage of processes, procedures, equipment and structures, 
and (4) the roles of government, industry, labor and other agencies in 
the administration of industrial hygiene activities. 


ORGANIZATION 


The panel was composed of a planning committee and six affiliated 
committees with working conference assignments as follows: 


1. Committee on Atmospheric Pollution: Pollution of the outdoor 
atmosphere, the origin and nature of industrial and nonindustrial pol- 
lution, the effect on health and well-being, hygienic measures, methods 
of appraisal and control, economics. 

? 


Committee on Chemical Agents: Occupational contacts with 


chemical agents; the origin and nature of such agents, the hazards to 
health and well-being, hygiene, methods for appraising exposure, methods 
of control. 


3. Committee on Physical Agents: Extremes of temperature and 
pressure, noise and vibration, radiation and illumination; their origin 
and nature, their effect on health and well-being, hygienic methods, 
appraisal of exposure and control procedures. 


4. Committee on Biologic Agents: Problems arising from contact 


with biologic agents; the origin and nature of these agents and the 
diseases‘ produced, hygienic practices, and the control of such agents. 
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5. Committee on Education and Application: Education and the 
application of knowledge pertaining to environmental hygiene and 
biotechnology, as it relates to the development of industrial processes, 


procedures, work methods, equipment and structures, considered from 


the broad viewpoint of the professional groups involved and of manage- 


ment and labor. 

6. Committee on Administrative Practices: The roles of government, 
industry, labor and other agencies in the administration of industrial 
hygiene, with particular emphasis on methods of financing, interagency 
responsibilities and relationships. 


COMMITTEE PROCEDURE 


Committees were composed of small groups of experts having 
specialized experience and interest in the assigned subjects, Each 
participant was previously instructed to give prior thought to the scope 
: and objectives of his committee and to prepare a list of suggestions and 
: recommendations. 
Each committee prepared a summary report of its work containing 
: statements, conclusions and recommendations on which there was 
; yeneral agreement. Subject matter on which information was insufficient 
or inconclusive was generally excluded. Considerations embodied in 


: the’ broad objectives of the panel and in the spevific assignments to the 


special committees were too extensive for completion at one sitting. For 


this reason discussions were pointed toward descriptions of areas of 
important interest, rather than toward intensive study of specific fields 


The arrangement anticipates that the work of the committees will be 


extended at future congresses, 
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REPORT OF COMMITTEE ON ATMOSPHERIC POLLUTION 
The Committee on Atmospheric Pollution feels that since general 
interest in this subject has been but recently manifested and because too 


few attempts have been made at a scientific approach to a solution, the 
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findings of the Committee should be limited for the present to the 
following general statements and observations: 


1. Air pollution means an excessive atmospheric concentration of 
foreign matter that may adversely affect the well-being of any person 
or cause damage to property. 

2. Aside from a few specific but dramatic instances there is a lack 
of scientific evidence that air pollution seriously injures health. However, 
if the World Health Organization definition is accepted, that “health 
is a state of complete physical, mental, and social well-being and not 
merely the absence of disease or infirmity,” then air pollution does have 
public health implications. 

3. Air pollutants are of two types: those which affect health and 
those which are not known to have such an effect. In our present state 
of knowledge, most air pollutants are of the latter type. 

4. There are concentrations of air pollutants which, while they may 
not be health hazards, are nevertheless intolerably annoying and dis- 
agreeable. A health hazard need not be demonstrated to establish the 
need for control of air pollution. 

5. Air pollution should be reduced to that practicable level which 
may be attained by the application of modern science and technology 
and which strikes a balance between industry's right to reasonable 
operation and the community's demand for a decent living environment. 

6. Efforts should be made to enlist the cooperation of industries so 
that studies of their effluent may be undertaken in order to determine 
acceptable standards for effective limitation of air pollution, and to 
provide a technical basis for the design or modification of existing and 
new equipment. 


7. Scientific knowledge is generally available for developing accept- 
able methods of measuring air pollution. However, there is a need to 
develop standard procedures for sampling and for assessment of the 


dusts, aerosols and gases in the atmosphere so that comparisons between 
different areas may be made. - 


8. In many instances sufficient engineering knowledge is available 
for the design of equipment and processes to treat atmospheric industrial 
waste and to remove its objectionable constituents. 


9. It is felt that in our present state of knowledge the appraisal of 
nuisance intensity cannot be made on an absolute basis but that a useful 
appraisal can be made on the basis of comparison. 

10. The public program of control of air pollution should be carried 
out by personnel with adequate scientific training and experience. 
Depending on the peculiarities of the local problem, the requirements 
of personnel may include such skills as those of chemists, engineers, 
meteorologists and physicians. 
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11, What the function of the physician should be in studies of air 
pollution and control is not yet clearly defined. Despite the fact that 
air contaminants are often nuisances rather than toxic agents, there is 
great need for intelligent medical opinion based on research and for 
dissemination of factual data. 


12. It is the feeling of this committee that, although certain funda- 
mentals may be inherently common to all air pollution control ordinances, 
they cannot be made to apply universally, because of differences in munic- 
ipal development, topography, meteorology and other related factors. 


H. G. DyKtor, chairman Georce R. 

F. AsHE DuNcAN HupDson 

FRANK A. CHAMBERS H. F. JOHNSTONE 

Henry F. Hesrey RuTHERFORD T. JOHNSTON: 
W. C. L. HEMEon L. C. McCase 


REPORT OF THE COMMITTEE ON CHEMICAL AGENTS 
HYGIENIC STANDARDS OF EXPOSURE 


In the industrial hygiene survey a frequent operation is the estimation 
of the degrees to which workmen are exposed to air-borne substances. 
The measurements of the exposures are made by physical or chemical 
analysis of samples of the atmosphere in working places. The existing 
exposure is usually evaluated by comparing the concentration found by 
analysis with a numerical value listed in one or another table of con- 
centrations “accepted’”’ for that particular substance. The quantities 
given in a table intended for this purpose are now described as “permis- 
sible concentrations” or “maximum allowable concentrations (M.A.C.).” 
The wide application of this practice (which the Committee concludes 
is sound if properly carried out) justifies the critical examination of the 
assumptions on which the practice is based, especially the uncertainties 
in the assumptions which are frequently ignored. At this time the 
Committee is concerned ‘with the fundamental considerations underlying 
the tables of concentrations generally available; for the moment the 
uncertainties of analytic and sampling methods are not the crux of the 
discussion, 

Tabulated values (M.A.C.) are based on the results attained when 
all pertinent data have been examined by competent persons, but there 
is no simple or uniform relation between the physiologic effects of a 
substance and the numerical value chosen for inclusion in a table. The 
Committee finds that the concentrations now set forth in tables have 
been selected on the basis of one of four concepts of the level best suited 
to hygienic control of inhalation of each substance, the choice having 
been governed by the nature of the toxic effects and the degree of 
organoleptic response. The concept back of the selection is generally 
not specified, nor is it uniform from chemical to chemical. 
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The four concepts follow : 


(a) Plus or minus: The maximal time-weighted average concentration which 
produces only minor injury, and that in a very small proportion of exposed 
workmen. 

(b) Safe: The maximal time-weighted average concentration which sound 
evidence leads one to believe will cause no demonstrable illness or other symptoms 
of toxic effect in any workman during a lifetime of industrial exposure. 

(c) Bench mark: A concentration based on the belief that any unnecessary 
exposure is undesirable—a concentration lower than that of “a” or “b”, one as low 
as is consistent with practical engineering control 


(d) Comfort: A concentration lower than that of “a” or “b,” and representing 
the maximum which in a short time is not objectionable to 9 out of 10 of a group 
of persons not accustomed to inhalation of the substance. 


All the four concepts of the most appropriate concentration for control 
of industrial exposures are consistent with the goals of industrial 
hygiene. The Committee finds no reason why separate names (for 
example, “M.A.C.” vs. “comfort” levels) should be employed to desig- 
nate concentrations based on different concepts. However, it is the 
opinion of the majority of the Committee that the commonly used names 
are objectionable because they do not describe any of the concepts on 
which presently tabulated concentrations are based. Consideration 
should be given to replacing present names by the term “hygienic 
standard” or “hygienic standard of exposure,” either of which a majority 
of the Committee believes is highly appropriate. The word “standard” 
is more in accord with the use made of a tabulated value by the industrial 
hygienist than are the words “limit” or “allowable.” 

The Committee believes that the currently available tables of hygienic 
standards should be improved, primarily in order to reduce misinterpre- 
tations and misuse. Every table should reveal clearly which concept led 
to selection of each concentration listed. This can be done by parallel 
columns of values, by subdivision of the tables, by superscripts or in 
other ways. Every publication or reprinting of a table of hygienic 
standards should include explanatury statements, in order to give such 
information as is outlined here: 


The table is intended to be used by those versed in industrial hygiene 

A definition of the concept used in selecting each concentration is tabulated. 
Standards based on toxicity (concepts “a” and “b”) refer only to substan- 
tially constant exposures without major peaks. 

Standards based on comfort (concept “d’’) refer to any exposure of a 
duration of a few minutes or more. 

No tabulated standard applies to inhalation of mixed chemicals, or to 
immediately consecutive exposures to different chemicals. 

The tabulated concentrations are subject to change as additional evidence 
is evaluated. 


The Committee believes that hygienic standards based on toxicity 
should be established only on the results of biologic assay, including 
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clinical observations on human beings as well as animal experiments. 
Authors who publish the results of repeated inhalation experiments on 
new chemicals have an obligation to interpret their own results by 
suggesting hygienic standards, with the clear statement that the values 
are highly tentative. Any highly tentative standard included in published 
tables should be clearly identified as such. 

The Committee wishes to encourage both the American Standards 
Association and the American Conference of Governmental Industrial 
Hygienists to continue to publish hygienic standards. No confusion need 
result from two agencies simultaneously advancing new standards. The 
latter organization is well suited to collecting current experience with 
compounds ; from such summaries annual revisions of tables of standards 
may be made. The Committee strongly urges, however, that the entire 
text of that organization’s Committee report be published, instead of 
the table alone as has been done to date. In order to remove the quasi- 
legal regard in which this table of hygienic standards is sometimes held 
(and which is not intended by the American Conference of Governmental 
Industrial Hygienists Committee), it is urged that publication should 
be made elsewhere than in the Industrial Hygiene Newsletter of the 
Division of Industrial Hygiene of the United States Public Health 
Service. A periodical not sponsored by any governmental agency would 
be more suitable. 

The Committee recognizes that there are at least three situations 
in which the industrial hygienist can obtain little if any guidance from 
current tables of hygienic standards: brief inhalation of a high con- 
centration during prolonged exposure to a low concentration, brief 
inhalation of a high concentration with no other exposure during the 
day, and inhalation of mixed solvents. 

There is not sufficient knowledge of rates of absorption, metabolism 
and elimination, and of significant blood levels, to allow selection of 
hygienic standards for the protection of workmen whose exposure 
consists of a small number of brief inhalations of high concentration 
during a working day of constant breathing of low concentrations. It is 
certain that with some chemicals a given time-weighted average concen- 
tration including major peaks during the day is more likely to injure 
than is the same average concentration: during substantially constant 
exposure (:.e., in the absence of peaks). It is probable that there is not 
sufficient biochemical and physiologic information to predict the response 
to such peak exposures in the case of any chemical except carbon 
monoxide. 

Few if any recent publications have attempted to set a hygienic 
standard for one brief inhalation of a high concentration during a 
working day when there is no other exposure to the chemical. The 
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industrial hygienist has need of a table of critically evaluated hygienic 
standards to cover this situation, perhaps on the basis of thirty minute 
inhalation studies. 

\t least as important as either of these deficiencies is the lack of 
information concerning the combined action of chemicals during simul- 
taneous inhalation or consecutive inhalation. The assay of exposure 
during a large number of industrial operations requires a judgment on 
combined actions. No established data are available for guidance. The 
reciprocal rule has no scientific basis as a generality and may not be 
correct in any single instance. 

All agencies and groups engaged in research on the effect of vapor 
inhalation are urged to contribute information which will be useful to 
the industrial hygienist in the three areas of uncertainty just outlined. 

In order that the accuracy of currently accepted hygienic standards 
may be increased, the Committee is in favor of the publication of all 
clinical observations on workmen exposed to known concentrations of 
wir-borne chemicals. The majority of hygienic standards are based on 
injury or objectionable effects ; the standard is approached from the high 
concentration side. It is desirable that the low side of each standard be 
more definitely defined by the collection of reports of exposures which 
were without detectable effect. 

Detailed consideration of the evaltiation of exposure based on analysis 
of the atmosphere should not detract from efforts to enlarge our knowl- 
edge of biochemical and physiologic criteria. If there exists sufficient 
knowledge of the behavior of a chemical in the body, the estimation of 
one of its metabolites may yield a better approximation of the degree 
of a workman's total daily exposure than can a time-weighted average 
based on air analysis. If there exists sufficient knowledge of the 
physiologic response to a chemical, some simple functional test may be 
practical to determine whether an individual workman is reacting to 
absorption sufficiently so that injury may result in the future. Physio- 
logic tests, when sufficiently precise, may supplement hygienic standards 
of exposure, and in so doing avoid the present uncertainties about the 
“average man” by determining the degree of response of each exposed 
person. The Committee urges biochemists and physiologists to be 
diligent in investigating these two possibilities in the case of widely used 
industrial chemicals, and it further urges those who publish data 
concerning new chemicals to be alert for evidence of properties which 
may be applied to these two ends. 

There is some reason to believe that when certain chemicals are 
inhaled at concentrations lower than their accepted hygienic standards 
they may cause a very low grade narcosis which leads to accident 
proneness. Industrial hygienists and physicians are urged to be alert 
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for evidence on this subject and to publish any pertinent observations in 
order to improve present knowledge of the proper level for hygienic 
standards. 

NEW CHEMICALS 


Every year an increasing multitude of new chemicals enters commerce. 
There is a growing awareness among those who produce new compounds 
that they should outline the health hazards of their products. In order 
to increase this awareness, the Committee records agreement that it is 
the obligation of the manufacturer to obtain and disclose a reasonable 
knowledge of the possible health and safety hazards of new chemicals 
before he releases them to others. This view is not intended to discourage 
a producer from turning over samples for special study to any responsible 
agency, group or worker who is competent to protect himself and others 
from harm, even when the potential dangers of the sample are not 
understood. 

An important activity which helps to increase awareness of the 
public obligation of a producer of new chemicals is carried out by the 
Manufacturing Chemists Association. It is hoped that the admirable 
activities of the Labelling and Precautionary Information Committee 
will be continued unabated. 

The Committee finds that facilities for the toxicologic study of new 
chemicals are inadequate to devote sufficient attention to all the new 
commercial products developed each year. It is urgent that new facilities 
be established. A potential source of aid for their establishment is the 
National Advisory Health Council of the Research Grants Division of 
the United States Public Health Service. It is the opinion of the 
Committee that present policies and precedents of the Sanitation Study 
Section of that agency do not utilize the full possibilities of the Research 
Grants system. It is recommended that the Sanitation Study Section 
enlarge its field to encourage creation of new facilities, or that a study 
section on applied toxicology be created. Not only must new facilities 
be created, but the training of applied-toxicologists should also be 
undertaken on a formal basis by those universities which have sufficiently 
experienced teachers. 

The Committee reviewed specific federal laws dealing with new 
chemicals and agreed that the public is well guarded from being injured 
by new chemicals entering interstate commerce in foods, drugs and 
cosmetics and as caustic poisons. The overlapping of responsibility for 
foods between the Food and Drug Administration of the United States 
Federal Security Agency and the Bureau of Animal Industry of the 
United States Department of Agriculture does not endanger the public, 
because of the closely parallel views and practices of the two agencies. 
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Economic poisons other than insecticides are the most recent addition 
to the chemical preparations regulated by specific federal laws. In order 
to guard the public and at the same time to protect manufacturers against 
the almost insuperable difficulties of having to meet the standards of as 
many as 49 agencies in this field, the Committee recommends that éach 
state require all manufacturers and distributors of economic poisons to 
prove to a proper state agency that their intraState commerce complies 
with federal regulations governing interstate commerce throughout the 
country. The Committee urges that constitutional ways be found to 
incorporate this requirement into state laws in such a way that changes 
in the federal !aw will be automatically effective in every state, and 
that no state license shall be required of manufacturers engaged in 
interstate commerce. The Committee believes, however, that before there 
is undertaken the enormously complex problem of establishing uniform 
regulations in all jurisdictions throughout the country, specialists in the 
field of economic poisons should determine whether the present federal 
act is indeed the best pattern for uniformity. 


The Committee on Toxicity and Antidotes of the Association of 
Economic Poisons Control Officials is doing valuable work. In order to 
supplement its activities, this committee urges increased research by 
others to find more effective and more specific economic poisons, as well 
as better first aid and therapeutic measures for accidental poisonings 


from these agents. In addition, all agencies having a stake in the field 
of economic poisons (such as the American Medical Association, state 
departments of health, the National Safety Council, various life insurance 
companies and the like) should educate the public as to the effects of 
presently used agents, the hazards of their use, and the justification 
for inflicting this added danger on the population. 


Economic poisons are intended for use as wood and fabric preserv- 
atives, in the household, and in agriculture—the country’s largest 
industry. Each year many new chemical agents enter those fields. But 
the industrial hygienist has devoted a minimum of attention to the health 
of agricultural workers. The Committee strongly recommends that all 
agencies having a knowledge of the principles of industrial hygiene turn 
a portion of their attention to agricultural activities. They should survey 
present working conditions and hazards and discover how to overcome 
the difficulties of working in a diffuse industry. They should discover 
how to educate agricultural workers in the subjects of safe working 
conditions and of occupational hazards to health, probably through the 
already established paths of approach to these persons, such as the 
county agricultural agents. 

The widespread health hazard of dermatitis from new chemicals 
should be considered when the potential dangers of each new product 
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are studied. The Committee feels that more attention needs to be 


devoted to industrial aspects of dermatoses in formal 
instruction in dermatology. 


courses of 


OTHER ASPECTS 


The Committee is cognizant of the fact that its deliberations and 
conclusions leave important phases untouched. In 


particular, the 
important subjects of dust inhalation, environmental carcinogens and 
water-borne. wastes cry for attention. 


SUMMARY 
The Committee's discussions were directed to two subjects. The 
subject of hygienic standards, often known as permissible limits, was 


critically analyzed, and several improvements in present tables were 


recommended. Standards applicable to three forms of exposure not 
covered by current tables are badly needed. Further work on biochemical 
: tests to evaluate exposure and physiologic tests to measure early response 
4 is urgently needed. 


: Consideration of new chemicals in commerce resulted in the con- 

clusion that the producer is obligated to communicate a reasonable 

i knowledge of their hazards. Facilities for obtaining this knowledge 
must be increased, and applied-toxicologists must be trained. New 
chemicals in agriculture are particularly important, and the industrial 
hygienist should devote more time to this major industry, 


Henry F. Smytu Jr., chairman Harotp C. Hopce 
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REPORT OF THE COMMITTEE ON PHYSICAL AGENTS 
The Committee on Physical Agents feels that the starting point of 
a report on physical agents which are potentially hazardous to health 
should be a summarization of the vast body of information as it relates 
to industrial applications. By this approach, it is believed, those areas 


in which further elaboration is indicated will become evident. 


For simplification, the various types of physical agents are listed in 


the accompanying tables—a functional rather than a true physical 


classification. 


5 
44 


NINTH 


ANNUAL 


CONGRESS ON IND 


STRIAI HEALTH 611 


Each of the physical agents has been treated by considering the 
following significant aspects : 


Physical 


Origin 


Occupational sources 
Fxamples 


Estimated total! no 
of persons 
Effeets on health 
Degree of hazard 


Injurious effeets 


Mechanism of action 


Fvaluation 
Measurement 


Injury threshold 


Amount needed for 
well-being 


Control 
Environmental 


Personal 
(physiologic) 


Selection of 
personne! 
Therapy 


Recommendations 


Definition and origin. 


Agents Potentially Hasardous t 


In 


Temperature 


High 


Hot climates; hot in 
dustries; hot solids, 
liquids and gases 


Steel: foundry: glass; 
armed services, ete. 


lt 


Some severe; many 
marginal 

Systemic and local: 
some fatal 

(a) Exhaustion—vas 
cular incapacity; (b) 
stroke—loss of central 
nervous control: (¢) 
cramps—salt loss; (4) 
burns —loeal destrue 
tion of tissue 


Air temperature; 
cutaneous and rectal 
temperature: weight 
loss; heart rate 
Depends on radiation, 
hum dity and air 
motion 


Enough to maintain 
comfort 


Refrigeration and 
insulation; proper 
clothing 

Salt tavlets;: ade 
quate fluids; body 
conditioning 
Moderately important 


For heat cramps, 
restore salt loss: for 
other effects therapy 
is available but is less 
specific 

Further education tn 
preventive measures; 
methods of control 


Occupational source 


Effect on health. 
Evaluation. 
Control. 


Therapy. 


Low 
Cold climates; cok 
storage or processes 
cold solids, liquids or 


gases 


Cold atmospheres 
refrigerated storag 
processing 


10% 


Few severe; many 
marginal 

Freezing or chilling 
both local and genera! 
Local destruction of 
tissue and vasocon 
striction 


Air temperature; 
cutaneous and recta 
temperature 


sz F. for frostbite: 
general chilling de 
pends on clothing, 
wind, radiation 
Enough to maintain 
eomfort 


Heat and insulation; 
proper clothing 


Body conditioning 


Moderately important 


For general body cool 
ing, hot liquids by 
stomach. For local 
freezing, controlled 
warming 


of exposed 
4 education 
¢ ans con 
eerning therapy; re 
search on proper 
clothing 


Thermal Environment 


Heat 


Air 
Radiatior Humidity Motion 


Contributes tontributes 
to heat ex 


High air mo 
tion aggra 

ge by vates effects 

tying produced by 
evaporation cold tempera- 
rates; it | tures; it im 
important proves condi 
tions in high 
temperatures 
except where 
very bigh hu 
midity and 
very high 
temperatures 
are involved 


ndings; 


nust be eon 


temperatures 
are involved 
with tempera 
ture: se« 


infra-red 


Relative hu 
midity; dew 
polnt by 
psyehrom. 
eters 


Additional See tempera 
studies and ture 
development 

of standards 


Further basic 
studies on 
effeets in high 
and low tem 
peratures 


and number of persons involved. 


Need for further action or study. 
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TABLE 


Definition 


Origip 


Occupational sources 


Examples 


Estimated total no 


of persons 


Effects on health 
Degree of hazard 


Injurious effects 


Mechaniem of actior 


Evaluation 
Measurement 


Injury threshold 


Amount needed for 
well-being 

Control 
Environmenta) 


Personal (physiologt 


Selection of personnel 


Therapy 


Recommendations 


INDUSTRIAL 


—Physical Agents Potentially Hazardous to Industrial Personnel: 
Mechanical Vibratory Spectrum 


Acecleration 


1. Moderate: 2-10 g. for 10 
to 1 see, 
High: 1040 ¢. for 0.1 
to 0.0) eee 
Very high: #-100g. for 
0.006 to 0.001 see. 
Rotating, oscillating, 
accelerating equipment 


1. Alreraft, ships, deva 
tors, cranes 
Catapults, accidenta, 
falls, collisions 
Aceidents, sharp impacts 


1. Slight, except in com 
bat alreraft 
Moderate 
Moderate 

1. Blackout, loss of con 

Rupture of bones, in 

jury of brain, heart, 

liver, ete 

Local trauma 

Disturbance of blood 

flow 

Interna! application of 

large forees 

Local application of 

very large forces 


Intensity time pattern by 
aceclerometers 


1. Depends on rate of 
nerease, maximum 
value and duration 


lg 


Anti-¢. sults 
None 
None 


Correct posture 

2. Correct posture 
None 

ral good heaiti 

wl waecular system 
General good health 
no spinal deformities 
None 

Not specific 


Dissemination of avail 
able information 


HYGIENE 


AND 


Vibratory Contact 


Vibration is a mechanical 
vibratory phenomenor 
generally of subauditory 
frequency, transmitted 
through solids to the body 


Vibrating tools, machin 
ery, buildings, tranepor- 
tation equipment 


Hand-held pneumatic and 
electric riveters, chisels 
and grinders 


105 


Considerable 


Trauma to arteries, 
nerves, museles, bone, 
joints 


Vibration of body tissues 
(ageray di by low blog! 
eireul 1 due to grip, 
pressure and cold) 


Analyze frequency and 
amplitude 


None known 


None 


Shielding and damp ng; 
too! and machinery de 
sign; maintenance of 
warmth 

Train in proper use 


Sereening of those sus 
ceptible to vascular and 
nerve Injury 


Remove from exposure 


A comprehensive study to 
determine injury threshold; 
development of physiol 
and psychol, tests to de 
termine extent of Injury 


OCCUPATIONAL 


Sound 


MEDICINE 


Ultrasonics 


Sound Is alr 
borne vibration 
In the range of 
20 to 20,000 
cycles 


Vibrating solids, 
air and steam 
jets, ete. 


Riveters, grind 
ers, tumblers, 
crushers, jet 
engines 


Hearing loss 10°; 
psychologic 10 * 


Some severe; 
many marginal 


Irritation and 
fatigue, hearing 
loss, heating 
and spec al 
effects on body 


Psychie and 
physical trauma 
to auditory sys 
tem, general 
heating and nerve 
stimulation, 
resonance effects 


Sound level (in 
tensity), fre 
quency analysis 
Psychol., % db or 
less; auditory 
jury, 100 db; heat- 
ing, ete., 140 db 


Reduee at source; 
absorption; ear 
defenders 


None 


Possibly reeom 
mend use of deaf 
people 


Remove from 
exposure 


Fund. studies on 
mechaniem of ac 
tion and further 
study of basic 
methods for re- 
ducing noise levels 


Ultrasonies are 
vibrations above 
audible range 
transmitted 
through air, 
liquids or solids 
Specifically de 
signed equipment 


Ultrasonie dust 
precipitators, 
milk sterilizers, 
ete. 


Not known 


Destruction of 
tissue by heat- 
ing, disturbance 
of nerve action 


Heating by energy 
absorption, direet 
stimulation of 
nerves 


Intensity level, 
frequency analysis 


140 db 


None 


Shielding of 
eouree; absorp- 
tion 


None 


Not known 


Remove from 

ex posure 
Additional fund. 
studies on 
physiologic 
action and 
methods of 
control 
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The need for distributing in a simplified and accurate manner the 
tremendous amount of information already available in these fields is 


ol paramount importance. 


The gap which lies between the research 


laboratory and industrial health personnel who apply it in the field must 
be bridged through the efforts of all responsible agencies. 


Origin 


Occupationa) sources 
Examp) 


Estimated total no. 
of persons 


Effects on health 
Degree of hazard 


Injurious effects 


Mechanism of action 


Evaluation 
Measurement 


Injury threshold 
Amount needed for 
well-being 


Control 
Environmental 


Persona! (physiologic 


Selection of personnel 


Therapy 


Recommendations 


Reduced Pressure 


Below atmospheric pressure 
at sea level 


High altitude or low pressure 
chambers 


High altitudes: aviation 
industry; test chambers 


105 


Severe 

Anoxia, aeroembolism, air 
sickness, Internal gas ex 
pansion, ear disturbances 


Reduced oxygenated hemo- 
globin and mechanical ef 
fects of gas expansion 


Degree and rate of change of 
pressure with exposure time 


About 0.7 atmosphere 


None 


Degree and rate of change of 
pressure and exposure time; 
oxygen supply equipment 
Acclimatization; denitrogena 
tion; personnel selection 
Training, discipline: selection 
on basis of physical examina 
tion 

For anoxia, oxygen adminis 
tration; for aeroembolism, 
deseent and administration 
of oxygen 


Consolidate and disseminate 
information 


Elevated Pressure 


Above atmospheric pressure 
at sea level 


Operations performed where 
pressure is above norma! 


Caisson work 
ber; tunneling; 


pressure cham 
diving 


10¢ 


Severe 

Far disturbances; 
eation; 
bends 


COs intoxi 
nitrogen narcosis; 


Expansion of gases; high 
coneentration of COs; nitro 
gen bubbles, excessive nitro 
gen solution 


Degree and rate of change of 
pressure with exposure time; 
COs partial pressure 


About 2 atmospheres 


None 


Degree and rate of change of 
pressure and exposure time; 
helium-air; decom. tables 


Personne! selection 


Training; discipline; selection 
on basis of physical examina 
tion 

Recompression followed by 
decompression tor bends 


Consolidate and disseminate 
information; additional re 
search on decompression tables 


Paste 3.—Physical Agents Potentially Hazardous to Industrial Personnel: Pressure 


Blast 


Transient diphasie pressure 
wave exceeding 1 atmosphere 
in amplitude 


Explosions 


Mining; tunneling; construc 
tion; ordnance manufacture; 
geolog ¢ survey 


Severe 


Rupture of ear drum; trauma 
to respiratory tract and in 
ternal organs 


Mechanical 


Degree of pressure and dis 
tance from source of wave 


7 Ib. per aq. in. (about 0.5 Kg 
per em.) 
None 


Isolation; separation; 
insulation 


None 


Training 


Nothing specific 


Further research on physio 
logic aspects; dissemination 
of known information 


There exist many areas where knowledge is inadequate. Despite 


evident deficiencies, however, the Committee feels that the hazards 


involving these agents can be controlled by proper application of present 
information. 

The constantly expanding use of present processes releasing these 
physical agents and the introduction of new kinds of potential hazards 
emphasize the need for continued and broadened investigation and 
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application. For example, there may be cited the problems incident to 
(1) the atomic energy industry, (2) the use of high intensity ultrasonic 


generators and (3) the increasing use of tools which generate high 
frequency mechanical vibration. 


Tables 1 to 6 summarize very briefly the pertinent facts, in the 


opinion of the Committee. It is recognized that this summary is not a 


Taste 4.—Physical Agents Po 


tentially Hazardous to Industrial Personnel 
Electricity; Radio and Short Wave Radiation 


Electricity Radio and Short Wave Radiation 
Definition Electricity is a fundamental quality relating 
to the properties of fundamental particles, 
such as electrons and protons 


Electromagnetic radiation between 10 
eycles and 1,000 megacycles 

Origio All sources of eleetric power Fleetroniec cireuits 
Oecupational sources 


Examples Practically any industry 


or area where elec lr 
trie power is used 


fuction heating; diathermy; radio television 
Estimated total no lf 
of persons 
flects on health 
Degree of hazard Severe 
In jurious effeets 


Slight 
Heating 
onle distribu Apparently heating 


Burne aod electric shock 
Mechanism of action Heating, disioeation of normal | 
tion; stimulation of nerves 
Evaluation 
Measurement Frequency, voltage, body resistanee, available Frequeney and intensity 
power 
Injury threshold ‘Depends on frequency and current: For DC, 
threshok! is about 60 ma. through body; at 
C., approx, ma 


Not clearly established 


Amount needed for 
well-being 
Control 
Environmental! Insulation: isolation 
Personal (physiologic) Normally good heart 
Selection of personnel 


Isolation; separation; shielding 
None 

Training; discipline: selection on Probably none 
physical examination 

Therapy Artificial respiration; burn therapy Nothing specific 

Assemble available data: if necessary, conduct 
additional research to establish quantitative 
relationship; disseminate information 


Recommendations Continue education; make fundamental study 
of physiologic effects between 10 and 200 kilo 
evycles 


complete exposition of all pertinent physical agents, nor of all aspects 
of their industrial importance 


James H, STerNer, chairman R. D. 


McFArRLAND 
E. C. BARNES 


NORTON NELSON 
Ek. W. Brown WILLIAM 
Victor GUILLEMIN Jr. 
KENNETH E, MarKusoNn 


H. Ray 
JOUN RosE 
Mites TINKER 
REPORT OF THE COMMITTEE ON BIOLOGICAL AGENTS 
INTRODUCTION 
The committee concerned itself with the incidence, causes, effects and 
prevention of diseases resulting from biologic agents having direct or 


indirect association with occupation. Special attention was paid to 
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and infestations and to certain special relations which may 


exist between infectious material and other forms of occupational 


exposure. 


All were discussed in relation to their importance in major 


occupational groups, such as manufacturing, agriculture, transportation 
and mining. 


TABLE 


Definition 


Origin 


Occupational sources 
Examples 


Estimated total no 
of persons 
E fleets on health 
Degree of bazard 


Injurious e fleets 


Mechanism of action 


Evaluation 
Measurement 


Injury threshold 


Amount needed for 
well-being 


Control 
Environmental! 


Personal (physiologic) 
Selection of personnel 
Therapy 


Recommendations 


5 


Infra-red Radiation 


lectromagnetic radiation be 
tween 7,40) and 5,000,000 ang 
stroms 


Sun or hot bodies 


Drying processes; heat treat 
ing: glass making; steel 
105 


Moderate 


Heating; possible effeet on 
eyes 


Disturbance of tissue by 
heating 


Intensity; special analysis 


Not known 


Isolation; refleetion; absorp 
tion 


Not known 
Not yet known 
Nothing specific 


Make a good fundamental 
study to establish relation- 
ships, tolerance limits and 
protection 


——Physical Agents Potentially Hasardous to 
The 


Spectrum 

Visible Spectrum 
Electromagnetic radiation be 
tween and 7,500 ang 
stroms 
Sun; artificial iluminants; in 
candescent surfaces; electric 
discharge in gases 


Hot steel; welding; offices; 
factories 


Entire population 


Severe in few cases, such as 
looking at sun; usually slight 
From excess, possible retinal 
destruction; from inadequate 
llumination, eye strain, head 
ache, digestive disturbance 
Photochemical 


Intensity; distribution of 
wavelengths; angular distri 
bution; brightness ratios 
Not clearly defined 


5 to 75 foet candles usually 


Excesses eliminated by filter 
ing or shielding; control of 
surface brightness; mainte 
nance of good distribution 
Assure sufficiency of vitamin A 
Normal! vision 

Nothing specific 


Establish better standards; 
disseminate known informa- 
tion 


Industrial Personnel: 


Ultraviolet Radiation 


Flectromagnetic radiation be 
tween 3) and angstroms 


Sun; eleetrie are; gaseous dis 
charges 


Welding, bright sunlight; 
ultraviolet tube lamp mig. 


10° exeept sunlight exposures 


Moderate 


Skin burn, conjunctivitis, 
general systemic effects 


Photochemical! 


Wavelength and intensity 


Approx, 0.5 mierowatt per #q. 
em for 7 hr. period; 0.1 
microwatt per eq. em. for 24 


hr. per day exposure 


Shielding; absorption 


None 

None 

Nothing specific: depends on 
location of injury 

Develop simple methods of 
measuring intensity and wave 
length in presence of interfer 
ing radiations; consolidate and 
disseminate available infor 
mation 


In consideration of the broad scope of the subject, it was agreed to 
assign major attention to the problems in which considerable scientific 
interest had been expressed but which were in need of further investi- 


gation. 


As discussion progressed, two general principles emerged : 


1. The committee concluded that particularly in case of the biologic 
agents, joint employer-employee participation in control procedure is a 


fundamental requirement if real progress is to be made. 


Labor organiza- 


tions can assist materially through active, interested cooperation. 
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2. The relations between industrial medical services and the health 
and medical care facilities of the community at large need clarification 
and integration. Sound programs of prevention in industry with 


Taste 6--Physical Agents Potentially Hazardous to Industrial Personnel: 
Tons and Ionizing Radiations 


lonizing Radiations*: Roentgen rays; gamma Positive and Negative Ions In Air 
rays; cosmic rays; neutrons; alpha and other 
positive rays; beta rays 


Definition Radiant energy whieh produces ion pairs in Positive and negative electrically charged par- 
matter; it includes electromagnetic quanta’ ticles suspended in air; molecular or particu 
and mass-bearing particles, both charged and late 
uncharged 

Origin Nuclear transmutation, both natural and arti Solar and cosmic radiations; radioactive sub- 
ficial; acceleration of charged particles stanees; combination of small ions with dust, 

i furnes, smoke or droplets 
Occupational sources 
4 Examples Atomic Energy Commission operations; lab Electrical discharges 
4 oratories; luminous paints; use of radium and 
Ly roentgen rays; radioactive isotopes 
Estimated total no Indefinite 
of persons 
E fleets on health 
z Degree of bazard Severe Negligible 
injurious effects Blood dyscrasias; carcinogenesis; sterility; True physiologic effects are questionable. Posi- 
’ wenetic effeets; shortening of life span; de- tive fons oceasionally produce irritation of 
: struction of tissue the nose, depression, “dulness in the head"; 
A 4 negative jons, a feeling of relaxation and 
sleepiness 
x ; Mechanism of action Uncertain Not known 
Evaluation 
i : Measurement Knowledge of source; kind of radiation; 
energy spectrum; flux; integration of indi 
| 3 vidual exposures over lifetime 
é Injury threshold Heredity—no threshold; small effects toler Normal air contains 50-800 small jons per cuble 
A erated. Suggested: 0.3 r per week external centimeter of air; subjective effects are noted 
4 Air-borne—alpha 10-* curies per liter; beta at range from 5,000 to 1,000,000 small ions per 
and gamma, i0-"! curies per liter (for the cubie centimeter 
: most hazardous radioisotopes) 
: Amount needed for None 
well being 
Control! 
Environmental Isolation of suurce; shielding; prevention of Need is not clearly established 
i alr-borne contamination; prevention of spread 
of contamination; training in proper use 
Persona! (physiologic) None None 
é Selection of personnel Select males, preferably In older age group None 
without previous exposure 

Therapy Nonspeci fie None 

Recommendations Make fundamental study of low dosage rates; Make additional studies to determine the 
properly educate the public; develop better physiologic effects (a controversial subject 
instrumentation: eonsolidate available infor from published studies) of high concentra- 
mation; research for methods of treatment tions of fons; make a critical physical and 


physiologic evaluation of exposures 


* Includes radioactivity. 


necessary extensions to the home and to dependents can develop only 
if effective teamwork is built up among all concerned. 

This abstract represents major conclusions of the committee, includ- 
ing recommendations for further investigation and a more extensive 
report 
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ACUTE INFECTIONS OF THE RESPIRATORY TRACT 


There are no effective means for the prevention of the common acute 
infections of the upper respiratory tract. Effective control procedure is 
hampered by insufficient knowledge of causes and of the relative impor- 
tance of different modes of spread. Reduction of respiratory disease in 
industry depends on a thorough knowledge of the work place and of 
industrial procedure, on adequate health practices, on useful records and 
on full employee cooperation. In the discussion of specific methods of 
control the following conclusions were reached: 

1. Good personal hygiene and a clean, comfortable, uncrowded work 
environment are basic requirements. 

2. There is no dependable evidence that the routine use of antibiotics 
or chemotherapeutic agents will prevent the spread of common cold or 
virus infections of the respiratory tract. Further study is needed to 
support the theory that these agents will reduce the number of extruded 
bacteria or will provide a mucous membrane surface unfavorable to 
implantation of inhaled infectious diseases. Under certain conditions 
the transmission of streptococcic or meningococcic infections can be 
controlled by the prophylactic administration of penicillin. 

3. Since air contaminated with droplet nuclei and dust particles 
containing bacteria and viruses spreads respiratory infections, reduc- 
tion of these air-borne agents becomes important—bearing in mind 
that if other factors are equal the bacterial content of the air of enclosed 
spaces will be roughly proportional to the number of persons present. 
Adequate ventilation will keep the bacterial content of the air below the 
infective level. Good industrial housekeeping should include sup- 
pression of dust wherever possible. The general use of ultraviolet 
radiation and triethylene glycol vapors is not recommended. Additional 
study under industrial conditions is needed to evaluate these and other 
means of control of diseases of the respiratory tract 


VACCINATION OF INDUSTRIAL WORKERS 

1. Against the common cold: There is no specific virus vaccine for 
the prevention of colds or infections of the respiratory tract of virus 
origin. Bacterial vaccines containing the common flora of the nose and 
throat have not proved useful. Therefore, vaccines for colds cannot be 
recommended, and their use must be recognized as experimental. 

2. Against diphtheria: In view of the increasing age incidence of 
diphtheria, immunization followed by periodic booster doses should be 
seriously considered as a routine preventive measure in industrial medical 
clinics. 


3. Against epidemic influenza: The efficiency of influenza virus 


vaccines depends (a) on their ability to initiate an adequate antibody 
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response and (b) on a close antigenic relationship between the virus 
components of the vaccine and those initiating an epidemic. Therefore 
the limitations of these vaccines are obvious. In spite of studies on the 
periodicity of influenza, there are no means of predicting with accuracy 
which virus types will initiate an epidemic or of determining an anti- 
genic relationship between these viruses and those in the vaccine. The 
World Influenza Control Program acting through the World Health 
Organization with laboratories in various parts of the world may make it 
possible to isolate virus strains from sporadic outbreaks which may be 
incorporated into vaccines in advance of epidemic spread. 

Industrial populations provide excellent means for the evaluation of 
influenza vaccines. Such investigations should be encouraged, but not 
as a responsibility of the employer alone. They represent an excellent 
opportunity for management and workers jointly to support studies 
which would benefit the health of the group as a whole. 

4. Against pneumonia: During the past ten years there has been a 
steady decline in deaths due t 


pneumonia from all causes. This low 
mortality rate can be ascribed to the extensive use of sulfonamides and 
antibiotics. Widespread immunization with pelysaccharides is not 
justified because of the low incidence of pneumococcic pneumonia, the 
large number of organisms which may cause the disease and the lack of 
definite knowledge concerning the duration of the immunity following 
vaccination. Recent work suggests that these vaccines are useful for 
workers in industrial environments in which crowding, poor ventilation 
and dustiness favor spread ; or for persons living for long periods in hos- 
pitals and other institutions. No specific preventive for primary atypical 
pneumonia is known. 

5. Against scarlet fever: Immunization against scarlet fever seems 
impracticable. The fact that an entire family may be infected when 
streptococcic infection is recognized in one member suggests the desir- 
ability of treatment or quarantine of all contacts in the work group. 


DUST 

Dust, in addition to its role in the spread of the commoner organisms 
infecting the respiratory tract, plays a part in the transmission of materials 
which carry other infectious agents into the pulmonary system, as, for 
example, Aerobacter cloacae, which contaminates bagasse, cotton, grain, 
hemp and flax. Further study is needed to establish definite etiologic 
relations and te keep industry on the alert for others of a similar nature. 
The possibility that chemical dusts are involved in the activation of neo- 
plastic viruses in the lung needs to be studied. 

Dust in any form constitutes an added risk of infection in the 
presence of a variety of agents, of which the Rickettsiae of O fever and 
the virus of psittacosis are important examples. 
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TUBERCULOSIS 

Tuberculosis should be considered an occupational disease only when 
contracted by doctors, nurses, attendants and students who care for 
tuberculous patients. As regards the working population, the risk of 
tuberculous infection varies widely and can be assigned largely to such 
socioeconomic conditions as poor housing, overcrowding, malnutrition 
and lack of medical facilities. These same factors probably explain the 
increased occurrence of tuberculosis in dusty occupations other than 
silicosis. The value of BCG vaccination as protection in certain indus- 
tries should be studied. 


INFECTIOUS AGENTS IN AGRICULTURI 

Workers engaged in food production and distribution are exposed 
to a wide variety of biologic agenfs through contact with soil and its 
contaminants, with stock and domestic animals and with animal products. 
Exposures were classified as follows: 

1. Fungus  infections—actinomycosis, blastomycosis, moniltasis, 
coccidioidomycosis, chromoblastomycosis, histoplasmosis, nocardiosis, 
maduromycosis (mycetoma) and sporotrichosis 

2. Virus infection — psittacosis, avian pneumoencephalitis and 
encephalomyelitis. 

3. Spirocheta! infection—leptospirosis 

4. Rickettsial infection—Q fever. 

5. Bacterial infections—anthrax, bagassosis, brucellosis, salmonella 
infection, tetanus, tularemia and erysipeloid 

6. Parasites—ancylostomiasis, gamasoidosis, grain itch, ground itch 
(acarodermatitis urticarioides) and scabies 

Data have been accumulated in respect to each subject, which are 
available as bases for further investigation and the preparation of com 
plete reports. 

TRANSPORTATION 

Exposures to adverse biologic agents in the transportation industry 
are mainly associated with crowded and insanitarvy housing conditions of 
employees in sea, land and air transportation systems, the spread of 
disease by means of rapid transportation and the disposal of excreta 
In aviation, new exposures to dust and vapor are developing 


MINING 


Factors of temperature and humidity may influence the higher 
incidence of respiratory disease among miners. Immunization against 
pneumococcic pneumonia, influenza and tuberculosis should be of value. 


The problems of rat contamination, parasitic infestations and gastro- 


intestinal infection need investigation. 
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ENVIRON MENT AND CANCER 


In man there is no evidence that infections due to viruses, bacteria 
or fungi result in or increase susceptibility to cancer. In animals there 
is evidence that viruses and carcinogenic chemicals are additive in effect. 
Careful environmental studies, clinical observations and animal experi- 
mentation are needed to determine the relationships between environ- 
mental! influences and the incidence of cancer. 


Carey P. McCorp 


Tuomas Francis Jr., chairman 


CiaytTon Loos.i, secretary Ricwarp L. RILey 
A, HEEREN JEROME SIEVERS 
J. A. Hupata James H. STeEve 


BurGEss JENNINGS 
REPORT OF THE COMMITTEE ON EDUCATION AND 
APPLICATION 


SCOPE OF INDUSTRIAL HYGIENE 


1. Industrial hygiene, in the broad sense, is concerned with the 
proper relationship between man and his occupational environment and 
the means by which human effort can be applied successfully and pro- 
ductively to the benefit of the individual, the economy and the social 
structure. 


3 2. It is a coordinated field of activity, embracing the medical sciences, 
having to do with the workers, and the physical sciences, which are 
concerned with the design and operation of industry. For its full develop- 
ment, the joint efforts of specialists from both of these basic fields are 
i required. These specialists must possess certain new knowledge and 
i skills beyond the traditional scope of their respective professions. The 
members of each group must understand fully the interdependence of 
their interests. 


3. The basic approach in industrial hygiene rests on the fundamental 
concept that the worker’s responses to the stresses of industry can be 
expressed in the form of definite relationships, thus making it possible 
to recognize and predict the effects of working conditions on man and to 
formulate standards of human performance and of industrial design and 
operation which will eliminate or minimize harmful effects and promote 
the health and well-being of workers. 


4. It is necessary, therefore, to emphasize this fundamental concept, 
since most of the problems of industrial hygiene are created by the failure 


to appreciate the human factor in industrial design and operation. 
Engineers and technologists limit their activities and responsibilities to 
problems which can be solved by the application of the laws of physical 


bee 
| 

| 
: 

| 


NINTH 


ANNUAL CONGRESS ON INDUSTRIAL HEALTH 621 


science. Lacking training in the principles and facts of human physiology, 
psychology, etc., they have, for the most part, considered only functional 
requirements and economics of production in their work. 

5. The failure to appreciate the full significance of the human factor 
in industrial work also extends to the medical profession. Primary 
iriterest has been directed, properly, toward the treatment of occupational 
accidents and diseases, Interest must now be concentrated on preventive 
practice and on the positive promotion of health. Among other matters, 
this involves questions as to the fitness of individual employees to per- 
form specific tasks and the physiologic effects and requirements of work. 

6. To achieve and maintain its proper position in the operation of 
industry, the practice of industrial hygiene is directed specifically to those 
worker-environment problems in which the effects of industrial stress 
can be analyzed, described and controlled. For this reason, emphasis has 
been concentrated on well defined occupational disease hazards. Other 
factors, such as illumination and humidity, which commonly produce no 
disease, have received some consideration but many, more subtle in 
effect, as, for example, the design of automatic machines, control mech- 
anisms, or assembly lines, receive comparatively little attention among 
industrial hygienists. The need for consideration of problems beyond 
those of disease prevention is evident in the manifold human problems 
resulting from increasingly complex industrial organizations and pro- 
cesses. 

7. Therefore, advances in industrial hygiene must proceed along two 
lines. In addition to securing the most widespread application of all 
established and proved requirements for the maintenance of healthful 
working conditions, there must be constant inquiry and research to estab- 
lish new relationships which will broaden the scope of this field and bring 
more of the human problems of industry within the range of systematic 
analysis and control. 

EDUCATION AND TRAINING 


1. The chemist, the physicist and the engineer who specialize in 
industrial hygiene differ from others in their respective professions in 
their need for a greater knowledge of man’s reaction to environmental 
stresses and his capabilities and limitations in relation to these stresses. 
This added knowledge makes it their responsibility to bring to industry 
the necessary approach in design and operation to avoid the imposition 
of unnecessary stresses on workers. 

2. The physician and the physiologist in industry, in addition to their 
usual professional skills, must have detailed knowledge of the character- 
istics of the industrial environment and work, and an understanding of 
the general means by which it can be appraised and controlled. Having 
such understanding, they are then prepared to work side by side with the 
nonmedical professions in the accomplishment of their joint purposes. 
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3. The objectives and responsibilities of industrial hygiene determine 
the basic requirements for the training of specialists in the field and 
establish the relative order of importance of the several subjects which 
make up the total training program. Because industrial hygiene lies in 
an area between the medical and physical sciences, training of personnel 
of both fields must be considered together. This is assumed in the 
following outline, which does not suggest specific courses but, rather, 
broad areas of knowledge. It recognizes the opportunities and respon- 
sibilities in industrial hygiene and emphasizes the essential teamwork 
between the different professions. It also presupposes that the repre- 
sentatives of the several associated professions—e. g., physicians, 
chemists, physicists, engineers—have completed the basic training in 
their respective primary fields of practice. 

Fields of common interest for medical and physical scientists: 

(a) History and organization of industry in society (characteristics of the 
industrial population, developments and trends in management-labor rela- 
tions, personnel problems and procedures), labor legislation, factory 
regulations; general health status of adult population 

(b) Industrial physiology, psychology and toxicology 

(c) Biostatistics and epidemiology 

(d) Administration and functions of health program 

(¢) Principles of sanitation 

(f) Research 

{ppraisal and control of the environment 
(a) Factory hygiene (factors in the selection of factory site, building design, 
sanitation, illumination, disposal of atmospheric and industrial wastes, 


ventilation, air conditioning, noise control). 

(hb) Air analysis (sampling, analytic methods, instruments and measurements), 
interpretation of findings 

(c) Laboratory and field research in industrial hygiene 

(d) Principles of safe design of processes, machines and control measures 


(¢) Machine and process design, industrial control mechanisms 


(f/) Satety engineering 


Time and motion study. Job 


analysis and evaluation 


Human appraisal and care 

(a) Industrial health services (positions, organization, functions, records and 
administrative procedures) 

(b) Medical, social and legal problems in selection and placement of workers, 
employment of handicapped, problems of the older workers, employment 
of women, and other specific problems 

(c) Climeal aspects of industrial medical practice, including rehabilitation 

(d) Health education and promotion 


¢) Nutrition 
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APPLICATION AND RESEARCH 


1. The application of the principles of industrial hygiene to the design 
and operation of industry is largely the responsibility of engineering and 
operations departments. Therefore, for maximum progress, industrial 
engineers and technologists must acquire a greater awareness and com- 
prehension of the human factor in industry and accept responsibility for 
the well-being of the worker as well as for the production requirements 
in the design and operation of the factory, its processes and machines. 

2. To this end, there must be a broadening of engineering and 
technical education to include the general subject of biotechnology, which 
may be defined as: the principles and requirements of engineering design 


and operation of structures, machines and processes in relation to man’s j 
anatomic, physiologic and psychologic capabilities and limitations. iH 

3. Accompanying and necessary to the full development of this : 
expanded scope of engineering, there must be parallel expansion in the : q 
concepts of preventive medicine, applied physiology and psychology. In : : 
addition, the members of the medical profession in general should become ; 
more aware of the importance of industrial factors as they affect health. : 

4. To meet the continuing needs of the expanding problems of both : 


education and practice, basic research must be vigorously prosecuted by 
cooperating teams representing the physical and biologic sciences. 


THEeoporE Hatcnu, chairman WILLARD MACHLE 
ANNA BAETJER SILVERMAN 
LEONARD GREENBURG B. D. TEBBENS § 


Ropert A. KEHOE 


REPORT OF THE 


COMMITTEE ON 
PRACTICES 


ADMINISTRATIVE 


The deliberations of the Committee on Administrative Practices, 


which was charged with concern for the role of government, industry, : 
labor and other agencies in the administration of industrial hygiene : 
activities, with particular emphasis on methods of financing, inter- i 


agency responsibilities and relationships, have resolved themselves into 


recommendations in several areas of agreement 

1. Industrial hygiene activities in many states are crippled and 
made impotent because of lack of proper enabling legislation. To 
correct this situation, there is need for two types of laws. It is recom- 
mended that an industrial hygiene division be established in a single 
state agency to be a fact-finding body in industrial hygiene—to make 
studies, investigations and analyses of the working environment and 
its effect on man, and to make recommendations for the control of occu- 
pational hazards. It is important that only one agency be charged with 
this responsibility in order to avoid confusion of functions and 
duplication. 
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It is further recommended that legislation be enacted vesting in 
a single agency authority for the enforcement of industrial hygiene 
regulations. 

Since several governmental agencies are concerned with industrial 
health, it is further recommended that interagency responsibilities and 
relationships be clearly defined by law in the interest of a well coordi- 
nated and integrated program of industrial hygiene. 


2. In industrial hygiene activities there is need for uniform concepts 


of proper procedures and practices and of basic scientific standards, 
which will serve as a guide in the administration of industrial hygiene 
programs, Since the American Conference of Governmental Industrial 
Hygienists has been working on the development of uniform indus- 
trial hygiene standards for the past several years, it is recommended 
that, on completion of these standards, they be presented to representa- 
tives of management, labor and state law enforcement agencies for 
review, necessary revision and recommendations for acceptance as 
uniform standards of operation. This review will permit the integra- 
tion of views of all concerned with industrial hygiene programs—the 
recipients, the providers and the administrators of these services. 

3. The complexity and growing scope of the field of industrial 
hygiene require a high degree of technical competence and leadership. 
It is recommended that the federal agency charged with the preservation 


and maintenance of industrial health be adequately financed to carry 
on a vigorous program of research and investigation and be enabled 
to assume a forceful role in leadership. 


The state industrial hygiene agencies which are charged with the 
operation of these programs in their states must likewise be enabled 
financially to provide effective services through adequate staffs, equip- 
ment and other facilities. It is further recommended that these state 
industrial hygiene agencies be adequately financed to allow the under- 
taking of comprehensive programs. 

It is further recommended that industrial hygienists and all other 
personnel responsible for the administration of industrial hygiene pro- 
grams be protected by merit systems, in order that persons who seek to 
make industrial hygiene their career and who have proved their com- 
petence by examination may be assured of continuing tenure. 

Finally, it is recommended that salaty levels be raised in order that 
technically and personally qualified persons may be attracted to this field. 


V. P. AHEARN, chairman WILLIAM GOMBERG 
WALTER BIERRING ALBERT S. GRAY 
MANFRED BowpbITcH Harry NELSON 
FRANK BuRKE Louis SPOLYAR 

\. J. R. Curtiss Lioyp 

C. E. Frick THEODORE WATERS 
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PHARMACOLOGIC STUDIES OF FURFURYL ALCOHOL 


EPHRAIM A. FINE, B.A. 
AND 


J. H. WILLS, Ph.D. 
ARMY CHEMICAL CENTER, MD. 


RDMANN * found that the lethal dose of furfuryl alcohol injected 
subcutaneously into rabbits as a 10 per cent aqueous solution is 
about 600 mg. per kilogram. Gajewski and Alsdorf* reported recently 
that the LD,, of furfuryl alcohol for white rats when the alcohol is 
orally administered in the form of a 2 per cent solution is 275 mg. per 


kilogram and that for rabbits receiving an intravenous injection of a 
10 per cent solution it is 650 mg. per kilogram. Despite the compara- 
tively low toxicity of the compound, the fact that furfuryl alcohol is 
being handled now in large quantities suggested that a rather careful 
study of its pharmacologic properties should be made. 

A survey of the literature yielded little information about the actions 
of furfuryl alcohol in the animal body. Erdmann* found that small 
doses stimulate respiration in both rabbit and man. Larger doses were 
found to depress respiration, to lower the body temperature and to 
produce nausea, salivation, diarrhea, dizziness and diuresis. Okubo * 
found that dilute solutions of furfuryl alcohol paralyze sensory nerves, 
resembling similar solutions of benzyl alcohol in effect. Joachimoglu and 
Klissiunis * reported that the inhibitory effect exerted by this alcohol on 
isolated rabbit intestine was about eleven times that of ethyl alcohol. 
Gajewski and Alsdorf? found that in the rabbit furfuryl alcohol pro- 
duces flaccid paralysis of skeletal muscle and that in the dog, the rabbit 
and the rat death results from respiratory paralysis. Furfuryl alcohol 
had a slight antispasmodic effect on smooth muscle. 


From the Pharmacology Section, Medical Division. 

1. Erdmann, E.: Ueber das Kaffeeoel und die physiologische Wirkung des 
darin enthaltenen Furfuralkohols, Arch. f. exper. Path. u. Pharmakol. 48:233, 1902. 

2. Gajewski, J., and Alsdorf, W.: Studies on Furan Compounds: Toxicity 
and Pharmacological Action of Furfuryl Alcohols, Federation Proc. 8:294, 1949. 

3. Okubo, M.: Physiological Action of 2-Furancarbinol, J. Pharm. Soc., Japan 
$39: 39, 1937. 

4. Joachimoglu, G., and Klissiunis, N.: Experimentelle Beitraege zur Frage 
der erregenden Wirkung von Kaffee und seiner Inhaltstoffe auf das Zentral- 
nervensystem, Arch. f. Hyg. 107:177, 1932. 
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METHODS 


Animals (rabbits or cats) were anesthetized by intravenous injection of pento- 
barbital sodium, 30 mg. per kilogram. Carotid blood pressure was recorded with 
a mercury manometer. Intratracheal pressure was recorded from a side arm on 
the tracheal cannula, and thoracic activity was registered with a pneumograph 
The activity of the heart in situ was studied by the method of Drinker.*4 

Electroencephalographic and electrocardiographic studies were carried out on 


rabbits only. The operative procedures were performed under local anesthesia 


Effects of furfuryl alcohol on (a) thoracic activity, (>) intratracheal 
pressure and (c) blood pressure of the cat A, effect of first dose of 100 mg 
per kilogram. 3B, effect of seventh dose of 100 mg. per kilogram. C, effect of 
dose of 100 mg. per kilogram. Doses given at ten minute intervals. 


Fig. 1- 


eighth 
induced with procaine hydrochloride rhe animals were completely curarized, 
respiration being maintained by intermittent positive pressure during the experi- 
ment. Screws inserted into the skull were used as electroencephalographic contacts. 
K A Usetul Heart Method, J. Exper. Med. 33:676, 1921 


5. (a) Drinker, C. 
iberlebenden Saugethierherzen, Arch 


Langendorff, O.: Untersuchungen am 
ges. Physiol. 61:291, 1895. (c) Magnus, R.: Versuche am iiberlebenden 


rm von Saugethieren, ibid. 102:123, 1904, 


: 4 
‘ 

d 
— 


FINE-WILLS—STUDIES OF FURFURYL ALCOHOI 


25mg ‘kg 50mg./kg 


Fig. 2.—Effects of furfuryl alcohol on the exposed heart of a rabbit in situ 
Weight of rabbit, 261 Kg. Traces from top downward (a) ventricular con- 
tractions, (>) auricular contractions, (c) blood pressure and (d) time in 6 second 
intervals. Injections and times in order: 50 mg./kg., 9:48; 50 mg./kg., 9:52; 
25 mg./ke., 9:55; 25 mg./ke., 10:01; 50 mg./kg., 10:06 


Fig. 3—Effects of furfuryl alcohol on the isolated, perfused rabbit heart. 
Upper record, right auricle; lower, ventricle (a) At the time indicated, the 
heart was perfused with a solution containing 100 mg. of furfuryl alcohol per 
hundred cubic centimeters; (hb) at the time indicated the alcoholic solution was 
replaced with normal Ringer's solution 
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Hypodermic needles inserted under the skin served as contacts for the electro- 
cardiographic recordings. 


Isolated rabbit hearts were perfused and studied by the Langendorff method °; 
isolated rabbit jejunum or ileum was set up according to the Magnus technic.5¢ 


RESULTS 
Furfuryl alcohol injected intravenously in the form of a 20 per cent 
solution in sodium chloride solution at the rate of 100 mg. per kilogram 
every ten minutes had little effect in either the cat or the rabbit until 
a total dose of 500 to 600 mg. per kilogram had been administered. 


Fig. 4.--Effects of furfuryl alcohol as shown by the electrocardiogram (lead 2) 
of the rabbit: A, ten seconds after the third injection of 100 mg. per kilogram 
(injection made rapidly in four seconds). 8, ten seconds after A. C, six seconds 
after seventh injection of 100 mg. per kilogram (injection given slowly, in fifteen 
seconds). D, twelve seconds after seventh injection. £, eighteen seconds after 
seventh injection. 


The first injection of 100 mg. per kilogram produced usually a slight 
and very temporary fall in blood pressure and transient decreases in 
both the intrapleural and the intratracheal pressure variations, as shown 
in figure 14. When the total dose of furfuryl alcohol exceeded 500 
to 600 mg. per kilogram, the incremental doses of 100 mg. per kilogram 
produced severe falls in blood pressure and temporary apnea. Death 
occurred from respiratory paralysis at total doses of 800 to 1,400 mg. 
per kilogram. Figures 1 B and C illustrate the latter phenomena. 
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Fig. 5.—Effects of furfuryl alcohol as shown by the electroencephalogram 
(right frontal lead) of the rabbit: A, normal. 8, ten seconds after the first 
injection of 100 mg. per kilogram. C, ten seconds after the fifth injection of 100 
mg. per kilogram. D, normal. E, ten seconds after an injection of metrazol® 
N. N. R. (7.5 mg. per kilogram). F, five seconds after an injection of furfuryl 
alcohol (100 mg. per kilogram), which was made three and a half minutes after 
the injection of metrazol.® G, ten seconds after the second of two injections of 
metrazol® (5 mg. per kilogram) given at three and at eleven and a half minutes 
after F. H, forty-two minutes after G. 
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The cardiac actions of furfuryl alechol are illustrated in figures 2 


Sand 4. Figure 2, showing the separate contractions of the left auricle 
and ventricle of the exposed rabbit heart in situ, and figure 3, showing 


the actions of the same indicators in the perfused rabbit heart, indicate 


that furfuryl alcohol affects the auricles and the ventricles approxi- 


mately equally and that the action is chiefly a negative inotropic one. 
There is little change in the heart rate. Figure 3 shows also that the 
negative inotropic action of furfuryl alcohol can be removed readily by 
perfusing the heart with fluid containing none of the alcohol. 

Figure 4, illustrating the effects of furfuryl alcohol as seen in the 
electrocardiographic record during repeated injections of 100 mg. per 


é kilogram, shows that early in the series of injections rapid administra- 
s 2 tion (four to five seconds) of a dose of the alcohol produced sharp, 

; transitory decreases in the magnitudes of all components of the electro- 

t cardiogram except the T wave (fig. 4.4 and B). There were no sig- 

i 


Fig. 6.—Effects of furfuryl alcohol on the isolated small intestine of the rabbit. 
At the first time mark (2:35:00) a concentration of furfury! alcohol of 200 mg. 
per hundred cubic centimeters was placed in the muscle bath. At the second mark 
(2:44:30) the muscle bath was refilled with normal Locke’s solution. 


nificant changes in the heart rate. Injection of the same dose during 


fifteen to twenty seconds had no effect on the electrocardiogram. As 


the total amount of furfuryl alcohol administered rose, the effects shown 


in figure 4.4 and B could be elicited even by slow injection of an 


incremental dose of 100 mg. per kilogram. Administration of the 


fatal incremental dose of furfuryl alcohol resulted in loss of all semblance 


of an organized beat, as shown in figure 4.C, D and E. 


\ single injection of 100 mg. per kilogram given over a period of 


ten seconds reduced the number of high frequency, low voltage waves 
in the electroencephalographic record (fig. 5.4 and B). Within 


fifty to sixty seconds after the end of the injection the electroencephalo- 
graphic pattern returned to normal. With repeated doses of furfuryl 
alcohol the effect on the electroencephalogram became more pronounced 
and persistent, eventuating in a picture (fig. 5C) similar to that pro- 
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duced by anesthetics. This anesthetic-like action of furfuryl alcohol 


can be used to combat the central excitant effect of pentamethylene- 
tetrazol metrazol® N.N.R. (fig. 5D, FE and F) or can be combated in 
turn with this compound (fig. 5 F, G and H). Amphetamine (benze- 
drine* N.N.R., 5 mg. per kilogram) and ephedrine (5 mg. per kilo- 
gram) also were found to combat the depression. Figure 5H shows 
that most of the depressant action shown by the electroencephalogram 
disappeared within about forty-five minutes 

When furfuryl alcohol dissolved in Locke’s solution was applied to 
isolated rabbit intestine, concentrations of the alcohol of less than 
125 mg. per hundred cubic centimeters produced little effect. Concen- 
trations higher than this decreased both the tonus and the contractility 


of intestinal smooth muscle (fig. 6). These effects could be reversed by 


returning the intestine to normal Locke’s solution 


COM MENT 


The minimal effective concentrations of. furfuryl alcohol for the 
isolated rabbit heart and the isolated rabbit intestine were respectively 
6@ mg. and 125 mg. per hundred cubic centimeters. Using a mean of 
these two figures and assuming that the alcohol is distributed evenly 
through the 75 per cent of the rabbit which is water,’ one obtains a ; 
figure of about 700 mg. per kilogram as a presumptive lethal dose. This 
agrees fairly well with the figures given by Gajewski and Alsdorf. 
lhe good agreement between this very rough guess and the measured 
value indicates that the furfuryl alcohol probably is distributed equally 
through most or all of the body water and that the alcohol probably 
has little specific action on enzyme systems localized in special struc 
tures in the body. There is apparently a slight predilection for the 
brain, because this organ appears to be depressed somewhat more 
readily by furfuryl alcohol than other organs (fig. 5) and because death 
is caused apparently by central respiratory depression (fig. 1) 
The effect which furfury! alcohol has on the isolated heart (fig. 3) 
and the isolated intestine (fig. 6) appears to depend entirely on the 
local concentration of the alcohol Figure 5 shows that the same 
situation exists in the brain. Any inhibition of enzymes caused by the 
alcohol must be completely or almost completely reversible, therefore. 


6. Derbyshire, A. J.; Forbes, A., and Lambert, E. F.: The 
Effects of Anesthetics on Action Potentials in the Cerebral Cortex of the Cat, 
Am. J. Physiol. 116:577, 1936. Beecher, H. K., and McDonough, F. K.: Cortical 


Action Potentials During Anesthesia, J]. Neurophysiol. 2:289, 1939. 


Rempel, B.; 


7. Harrison, H. E.; Darrow, D. C., and Yannet, H The Total Electrolyte 
Content of Animals and Its Probable Relation to the Distribution of Body Water, 
J. Biol. Chem. 113:515, 1936 
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All the evidence concerning the cardiac effect of furfuryl alcohol 
(figs. 2, 3 and 4) is consistent in indicating that the compound has a 
negative inotropic action without a chronotropic one. This means prob- 
ably that such cardiac action as the compound shows is exerted directly 
on the myocardium and does not affect the conduction of impulses 
through the specialized conducting tissues. The decreases in the mag- 
nitudes of the P wave and the QRS complex indicate that the magnitude 
of the depolarization process has been decreased and suggest that fur- 
furyl alcohol may alter the properties of the cellular membrane. The 
final disruption of cardiac function shrown in figure 4 appears to have 
no importance as a cause of death, being preceded by apnea in all 
six experiments in which both cardiac and respiratory activities were 
recorded. 

These studies point to the central depressant action of the furfuryl 
alcohol as being the lethal effect. This is in agreement with the previ- 
ous findings of Erdmann ' and Gajewski and Alsdorf.*. The temporary 
character of the actions of furfuryl alcohol on various organs suggests 
that the aim of therapy for poisoning by this compound should be to 
overcome the central depression for a sufficiently long time to allow 
for detoxification or excretion of the alcohol. It has been shown that 
this can be done with pentamethylenetetrazol (metrazol*) (fig. 5), 
amphetamine (benzedrine*) and ephedrine; repeated doses of these 
drugs may be required, because animals poisoned with large (about 
2LD,,) doses of furfuryl alcohol may remain in a severely depressed 
state for four to eight hours before dying. 


CONCLUSIONS 


1. Furfuryl alcohol has a negative inotropic effect on the heart with- 
out a significant chronotropic one. 


2. Furfuryl alcohol decreases the tonus and contractility of intes- 
tinal smooth muscle. 


3. Furfuryl alcohol depresses the central nervous system, producing 


changes in the electroencephalographic record similar to those produced 
by certain anesthetic agents. Death from furfuryl alcohol is caused 
probably by central respiratory depression. 


4. The central depressant action of lethal doses of furfuryl alcohol 
can be combated effectively with pentamethylenetetrazol (metrazol®), 
amphetamine (benzedrine*) or ephedrine. 


5. The effects of furfuryl alcohol studied here appear to depend on 
the existence of a sufficiently great local concentration of the alcohol 
and to disappear completely with its removal. 
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pressure, miscible with aromatic and polar solvents, and only slightly : 
soluble in water. This material may be used as an insecticidal dust or 


spray. It is usually absorbed on a finely divided clay carrier, which can ; ; 
then be dispersed in water for use as a spray, or it may be mixed with ; 
inert dust and used dry as an insecticide. ‘ F 

During the past several months, as part of an extensive survey of 5 f 


exposures to parathion in the state of California, we have studied an 
industrial plant which manufactures the concentrated material as well 
as dusts containing various concentrations of parathion. This study 
included measurements of parathion in air, as well as measurements of 
the cholinesterase activities of the plasma and red blood cells of a 
number of plant employees. 


ferent operations. The air samples were collected in sintered glass absorbers, 
midget impingers and Greenburg-Smith impingers, and were analyzed for para- 
thion by the Averell method. Benzene, water and alcohol were used as collecting 
mediums. Comparable results were obtained with all three solvents. The results 
of this sampling, indicated in table 1, showed a maximum concentration of 8 mg. 
per 10 cu. M., and an estimated average exposure of about 2 or 3 mg. per 10 
cu. M. 


PARATHION INHIBITION OF CHOLINESTERASE 


HAROLD V. BROWN, B.A. 


Industrial Hygiene Chemist, Bureau of Adult Health, Division of Preventive Medicine, 
California State Department of Public Health 


AND 
ALBERT F. BUSH, MS. 


Engineer, Bureau of Adult Health, Division of Preventive Medical Services, California 
State Department of Public Health “y 


SAN FRANCISCO 


ARATHION (0, 0-diethyl 0-p-nitropheny! thiophosphate) as 
obtained commercially is a dark-colored oily liquid of low vapor 


MEASUREMENT OF PARATHION IN AIR 


Determinations were made of the concentration of parathion in the air at dif- 


MEASUREMENT OF CHOLINESTERASE ACTIVITIES 


Since parathion is known to be a potent inhibitor of cholinesterase, we mea- 


sured the cholinesterase activity of the plasma and red blood cells of a number of 
persons in this plant. The cholinesterase activities of plasma and red blood cells 


1. Averell, P. R., and Norris, M. V.: Estimation of Small Amounts of O, 


O-Diethyl-O, P-Nitrophenyl Thiophosphate, Analyt. Chem. 20:753, 1948. 
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were determined by a method which is similar to that of Hall and Lucas? and 
that of Stedman, Stedman and White ® 


Collection and Preparation of Blood Samples.—Ten cubic centimeters of blood 
was collected in a dry syringe, transferred to a tube containing 0.05 Gm. of sodium 


citrate and thoroughly mixed to prevent clotting. As soon as possible, the blood 


samples were centrifuged at 3,000 r.p.m. for 10 minutes and red cells and plasma 


separated by pipetting off the plasma. The red cells were washed three times 
with 0.9 per cent sodium chloride solution and centrifuged each time to separate 
the cells from the washing solution After the final washing, the cells were laked 
by pipetting 3 cc. of packed red cells into 5 cc. of water. The plasma and laked 
cells were stored in a refrigerator at about 3 C., if the 


determination could not be 
made immediately 


Titrimetric Procedure-—One hundred cubic centimeters of carbon dioxide free 


water at 37 C. was measured into a 250 cc. beaker in a 


37 C. water bath. The 
beaker contained glass and calomel electrodes and a stirrer. Two cubic centi- 
meters of acetylcholine bromide solution 


ut 


was added (30.8 Gm. per 100 cc.). The 


Taste 1.—Parathion Concentrations 


Coneentration 
ot Parathion, 
M¢./10 Cu.M 


Location of Air 


Parathion plant 
Transferring sludge in yard -. Less than 1 
Gneral atmosphere south of 8 
4, ter lab« ry bench 
Discharge of parathior 
(yperator’s breathing 
filling of drums 


6 


last and packaging room 
treneral room atmosphere during ps aging operation 
(reneral room atmosphere during 


no operation . Less than 1 
(perator’s breathing sone fAlling (2 


Kg.) cartous 
(5 samples 


fu was adjusted to 8.00 as read on the pu meter by adding 0.02 normal sodium 


hydroxide [wo cubic centimeters of plasma or laked cells was added and the 
fu again adjusted to 8.00. This was the moment when the timing was started 
The px was maintained at 8.00 by adding 0.02 normal sodium hydroxide from a 
10 ce. buret. The volume of sodium hydroxide used was read every 5 minutes for 
2) minutes. The volume of base used during each of the 5 minute intervals 
should be nearly constant 


Cholinesterase activity 


volume of 0.02 N NaOH used jin 26 minutes by sample 
volume of 0.02 N NaQH used in 20 minutes by blank 


volume of plasma or undiluted red blood cells used in the 


determination 


FE., and Lucas, C. ( iolin-Esterase Activity of Normal and 
Pathological Human Sera, J. Pharmacol. & Exper. Therap. 59:35, 1937. 
3. Stedman, E.;: Stedman, E.. and White, A. C \ Comparison of the 


Cholin-Esterase Activities of the Blood-Sera from Various Species, 


27:1055. 1933 


tiochem. J. 
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The cholinesterase activities of plasma and red blood cells determined for a 
number of the plant employees are indicated in table 2. It should be noted that 


only 1 control was used in this series, an unexposed person (no. 5). 


COMMENT 
Owing to the rotation of personnel, the people listed in table 2, 


with the exception of no. 5, who had no exposure, were only inter- 


mittently in contact with parathion-contamunated air until July 1949, 
Taste 2.—Cholimesterase Activity* 


Activity of Plasma or Activity of Red Blood Cells on 
Date Indicated Date Indicated 
Subject and 
Type of Work 


Ohemist working in lab 
oratory 


in 
1/18/40 4/26/49 6/23/49 11/26/49 


Janitor cleaning in para 
thion plant .. : 

Utility man in parathion 
DEMME 

Utility man in parathion 
plant 

A person not exposed to 
parathion 

Fogineer working in para 
thion plant 

Utility man in parathion 
plant 

Supervisor of parathion 
plant ‘ 

Utility man in para 
thion plant 

Woman working in dust 
mising room 

Handyman in parathion 
plant 

Plant suprintendent 

Utility man in parathion 
plant 


* Activities were determined by a titrimetric procedure. The results are expressed in cubie 
centimeters of 0.02 N NaOH used to neutralize the acetic acid liberated from a solution of 
acetyleholine bromide by 1 ce. of plasma or of red celle In 20 minutes, 

+ The sample was collected on Feb. 23, 149 


: The sample was collected on April 12, 169 


at which time production ceased. It is therefore impossible to determine 
exactly what the total exposure had been. As can be seen from the 
results obtained for the 5 people from whom successive blood samples 
were taken during a 6 month production period (the others were 
followed for shorter periods), there appears to be a pronounced decrease 
in the cholinesterase activity of the plasma. The effect on the cholin- 
esterase activity of the red blood cells is not as clearcut. Probably 
the most significant set of figures concerning the cholinesterase activities 


is that measured during November 1949, 5 months after this plant 


had stopped manufacturing parathion. There is a pronounced increase 
of activity in nearly all the cases. 


ig 
No j 
1 
45 38 2.8 3.6 3.2 3.5 0.8 3.0 
2 
5.7 5.1 43 16 2.6 3.4 3.3 
4 
2.8 ove ace was 1.8 P ose 
42 3.5 2 2.3 3.2 2.5 i 
6 
2.7 24 12 39 a4 3.5 
3.6 l4 2.6 3.5 1.0 12 2.7 
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41 lf 2.2 2.6 18 45 
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The data shown in table 2, as well as animal experiments done 
by DuBois, Doull, Salerno and Coon,‘ indicate that there may be a 
cumulative or a chronic effect as evidenced by a progressively decreas- 
ing cholinesterase content of the body tissues. A measurable physiologic 
effect was produced, although the air samples showed a maximum 
concentration of only 8 mg. of parathion per 10 cu. M. of air, and 
there was an estimated average concentration of only about 2 or 3 mg. 
per 10 cu. M. during the time the plant was in operation. Lehman * 
has estimated the lethal dose of parathion as being in the range of 
12 to 20 mg. It appears that concentrations of parathion in the range 
of 2 to 8 mg. per 10 cu. M. may be potentially dangerous if breathed 
over a sufficiently long period. 


SUMMARY 


Measurements of the concentration of parathion in the air during 
various operations in a parathion-manufacturing plant have been made. 
Concentrations of parathion ranged from about 1 to 8 mg. per 10 cu. M., 
with an estimated average concentration of about 2 or 3 mg. per 10 cu. M. 

Over a period of 6 months repeated measurements were made of 
the cholinesterase activities of both plasma and red blood cells from 
a number of the people working in this plant who were exposed to 
the concentrations of parathion mentioned. In the absence of suitable 
controls these measurements have indicated a definite decrease in the 
plasma cholinesterase activity. Measurements of cholinesterase activity 
made 5 months after exposure to parathion had ended indicated an 
increase in activity. We have concluded that continuous exposures to 
concentrations of parathion in the range of 2 to 8 mg. per 10 cu. M. are 
potentially dangerous. 


Drs. A. Leonard, M. Plancy and R. Metcalf and Messrs. G. Chanin and 
J. Greenough contributed technical assistance in this study. 


4. DuBois, K. P.; Doull, J.; Salerno, P. R., and Coon, J. M.: Studies on 
the Toxicity and Mechanism of Action of P-Nitropheny! Diethyl Thionophos- 
phate (Parathion), J. Pharmacol. & Exper. Therap. 95:79, 1949. 

5. Lehman, A. J.: The Major Toxic Actions of Insecticides, Bull. New York 
Acad. Med. 25:382, 1949. 
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ACUTE TOXICITY OF ZIRCONIUM, COLUMBIUM, STRONTIUM, 
LANTHANUM, CESIUM, TANTALUM AND YTTRIUM 


KENNETH W. COCHRAN, 5S.B. 
JOHN DOULL, S.B. 
MARCELLA MAZUR, S.B. 
AND 
KENNETH P. DuBOIS, Ph.D. 
CHICAGO 


EVERAL metals which received little attention in the past have 

recently attracted attention because they have become useful in 
various industrial processes. It is therefore important to obtain infor- 
mation on the toxicity of these metals in order to ascertain whether 
health hazards are associated with their industrial uses. In addition, 
zirconium, columbium, yttrium, lanthanum, strontium and cesium occur 
as fission products, and an accurate evaluation of the toxicologic effects 
due to radiation necessitates data on the toxicity of the stable forms of 
these metals. Therefore, we have conducted an investigation of the 
acute toxicity of zirconium, columbium, strontium, lanthanum, cesium, 
yttrium and tantalum, and the present communication contains the 
results of these studies. 


A few toxicity studies on some of these metals have been reported 
previously. Thus, data on the acute toxicity of two zirconium salts have 
been obtained ' in connection with the possible use of zirconium in the 
treatment of plutonium poisoning. The toxicity of the rare earths 
has also received some attention, and it was noted that lanthanum and 
other members of the group prevented blood clotting through an anti- 


From the University of Chicago Toxicity Laboratory and the Department of 
Pharmacology, University of Chicago. 

The work described in this paper was conducted at the University of Chicago 
Toxicity Laboratory under a research contract supported by the Atomic Energy 
Commission and administered through the Medical Division, Chemical Corps, 
United States Army. Under the terms of the contract neither the Atomic Energy 
Commission nor the Army Chemical Corps is responsible for the opinions or 
conclusions of the authors. 

1. Schubert, J.: (a) Treatment of Plutonium Poisoning by Metal Displace- 
ment, Science 105:389, 1947; (b) An Experimental Study of the Effect of Zir- 
conium and Sodium Citrate Treatment on the Metabolism of Plutonium and 
Radioyttrium, J. Lab. & Clin. Med. 34:313, 1949. 
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prothrombin action * but were too toxic for clinical application of this 
property.* 

Until recently the literature contained no information on the toxicity 
of tantalum or columbium. In 1946 Fairhall* stated that to his 
knowledge no information on the toxicity of these metals was available ; 
however, the ability of tissues to withstand metallic tantalum has been 
reported.* A considerable amount of work has been done on the action 
and metabolism of strontium but comparatively little of this work has 


dealt with its acute toxicity. Some information is available concerning 


the chronic toxicity of cesium,* and a report appeared in 1929 containing 
limited data on the toxicity of yttrium.’ 


With the exception of strontium and cesium relatively little attention 


has been given to the biochemical effects of these metals. In this con- 
nection we carried out some measurements in an effort to obtain infor- 
4 mation on their behavior in biologic systems. These studies consisted of 
in vitro testing of their effects on succinic dehydrogenase and adenosine 
triphosphatase, and the results of these tests are included in the present 
communication, 


MATERIALS AND METHODS 


Adult male and female Sprague Dawley rats weighing between 200 and 300 
i ; Gm. were used for the toxicity studies. The animals were maintained in air- 
conditioned rooms and were offered purina® chow and water ad libitum Aqueous 
solutions of the salte were injected whenever the solubility permitted, with 25 or 


0) per cent solutions being employed. The insoluble compounds were administered 
‘ as aqueous suspensions rhe solutions and suspensions were given in single doses 
by intraperitoneal injection or orally by stomach tube. All animals were observed 
for ten days, but initial groups receiving a given compound were kept for thirty 
days to ascertain whether any significant mortality occurred after the tenth day. 
It was found that ten day observation periods were sufficient for all the compounds 
tested, since animals either succumbed or recovered during this period. The LD» 

2. Dycheroff, H., and Griinewald, O.: Ueber den Reaktionsmechanismus der 
Hemmung der Blutgerinnung durch einige seltene Erden und durch Heparin, 


Biochem. Ztschr. 315:124, 1943 


3. Beaser, S. B.; Segel, A., and Vandam. L.: The Anticoagulant Effects in 
Rabbits and Man of the Intravenous Injection of Salts’ of the Rare Earths, J. Clin 
Investigation 21:447, 1942 


4. Fairhall, L. T.: The Toxicology of the Newer Metals. Brit J. Indust. Med 
3:207, 1946 

5. Carney, H. M.: An Experimental Study with Tantalum, Proc Soc. Exper. 
Biol, & Med. §2:147, 1942 Cowley, L. L., and Brush, B. F 
and Wound Healing: Experimental Study, ibid. 65:60, 1947 

6. Wright, A. W., and Graham, C. F The Effect of Cesium Chloride on 
lransplanted Tumors of Mice, Am. J. Path. 9:789, 1933 


Tantalum Oxide 


7. Steidle, H., and Ding, M.: Beitrage zur Pharmakologie der seltenen 
Erdmettale: II. Mitteilung: Ueber das Yttrium, Arch. £. exper. Path. u. Phar- 
makol. 141:273, 1929. 
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values were obtained from ten day mortality data by using the log-probabuility 
method. No sex differences were noted in the degree to which rats were susceptible 
to the metals which were investigated, and the 1.Dw values were therefore derived 
from the combined data on both sexes 

Carworth Farms mice were employed for the studies of the actions of these 
metals on enzymes, and 5 per cent liver homogenates. prepared according to the 
technic of Potter and Elvehjem,* were used. Succinic dehydrogenase activity was 
measured by the method of Schneider and Potter ® and adenosine triphosphatase 
by the method of DuBois and Potter.° In most cases the chloride salts of the 


metals were used to avoid the addition of another anion to the system. 


OBSERVATIONS ON THE ACUTE TOXICITY OF VARIOUS METALS 
EXPERIMENTALLY ADMINISTERED TO RATS 

Zirconium.—Harding ** reported the absence of toxic effects from 3 
ce. of a 10 per cent suspension of zirconium silicate injected intraperito- 
neally into guinea pigs and commented on the inert character of zirconium 
silicate. He also mentioned zirconium oxide used as a radiographic 
contrast medium as suggested by Kaestle,‘* who found no toxic effects 
from 400 mg. per kilogram of a soluble zirconium salt injected sub- 
cutaneously into rabbits. McClinton and Schubert '* found the LD,, of 


zirconyl ion injected intraperitoneally as the citrate to be 1,710 mg. per 


kilogram whereas the LD,, for zirconium gluconate was 247 mg. per 


kilogram. They suggested that the greater toxicity of the gluconate 
might be due to its being excreted more slowly than the citrate. 

In our studies rats acutely poisoned by zirconium compounds showed 
a progressive depression and decrease in activity until death occurred. 
The time of death varied from a few hours to a few days following 
the administration of the compounds. Few deaths, however, occurred 
later than five days after administration of zirconium salts. No char- 
acteristic physiologic or gross pathologic changes were observed in 
animals receiving lethal doses of zirconium 

&. Potter, V. R., and Elvehjem, C. A \ Modified Method for the Study of 
Tissue Oxidations, J. Biol. Chem. 114:495, 1936 

9. Schneider, W. C., and Potter, V. R The Assay ot Animal Tissues for 
Respiratory Enzymes: II. Succinic Dehydrogenase and Cytrochrome Oxidase, 
J. Biol. Chem. 149:217, 1943 

10. DuBois, K. P., and Potter, V. R.: The Assay of Animal Tissues for 
Respiratory Enzymes: III. Adenosine Triphosphatase, J. Biol. Chem. 150:185, 
1943, 

11, Harding, H. E.: The Toxicology of Zircon: A Preliminary Report, Brit 
J. Indust. Med. 5:75, 1948. 

12. Kaestle, C.: Zirkonoxyd als kontrastbildendes Mittel in der R6ntgenologie, 
Miinchen, med. Wehnschr. 56:2576, 1909, cited by Harding." 


13. McClinton, L. T., and Schubert, J.: The Toxicity of Some Zirconium and 
Thorium Salts in Rats, J. Pharmacol. & Exper. Therap. 94:1, 1948. 
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Data on the acute toxicity of five zirconium compounds given orally 
and intraperitoneally are shown in table 1. From these data it may be 
seen that the oral LD,, for these zirconium compounds varied from 2,500 
to 10,000 mg. per kilogram, which is equivalent to 853 to 2,290 mg. of 
zirconium per kilogram. Zirconyl nitrate was the most toxic and sodium 
zirconyl sulfate the least toxic of the zirconium compounds tested. Thus 
it is apparent that zirconium compounds are relatively nontoxic when 
administered by the oral route. The toxicity of the compounds was 
considerably greater when they were administered intraperitoneally, 
since the LD,, values ranged from 175 to 4,100 mg. per kilogram. By 
this route zirconium sulfate was the most toxic and sodium zirconyl sul- 
fate the least toxic of the compounds studied. 


The oral LD,, values 
ranged from two to twenty times greater than the values obtained by 
intraperitoneal injection. 


Taste 1.—Acute Toxicity of Zirconium Compounds 


Oral LDse Intraperitoneal LDso 
i Concen- Compound, Metal, Compound, Metal, 
Compound tration Mg./Kg. Mg./Keg. Rats Mg./Ke. Mg./Ke. Rats 
Zireony! acetate... 50% solution 4,100 1,660 300 122 
Zireony! chioride.. 50% solution 3,500 wo 2 400 113 
Zireony! nitrate... solution 2,500 1,256 426 22 
Zirconium sulfate. 25% solution 3,500 1,263 22 175 63 
: Sodium zircony! 
J a sulfate .......... 2% solution 10,000 2,290 26 4,100 939 22 


These data show that the zirconium compounds tested exhibited a 
low toxicity to rats when administered either orally or intraperitoneally. 
On the basis of the experiments with these five representative zirconium 
compounds this metal may be classified among those considered relatively 
nontoxic. 


Zirconium compounds are poorly absorbed from the gastrointestinal 
: tract after oral administration and from the abdominal cavity after 
intraperitoneal administration. 


Tracer studies'* have indicated that 
the oral absorption of the chloride of zirconium 89 containing the stable 


zirconium chloride as a carrier is less than 0.01 per cent of the admini- 
stered dose. With carrier-free chloride of zirconyl 89 there was less 


than 20 per cent absorption from the abdominal cavity six days after 


14. (a) Hamilton, J. G.: Metabolism of Fission Products: Progress Report 
for Period Ending April 15, 1944, Declassified Document MDDC 1001, United 
States Atomic Energy Commission, 1944. (bh) Scott, K. G., and others: The 
Metabolism of Carrier-Free Fission Products in the Rat, Declassified Document 
MDDC 1275, United States Atomic Energy Commission, 1947. 
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intraperitoneal administration.** It has been suggested that zirconium 
injected intraperitoneally might be deposited on the surfaces of the intra- 
peritoneal organs, perhaps through the formation of insoluble zirconium 
phosphate.** 

Lanthanum.—Salts of lanthanum have been reported to be too toxic 
for clinical application of their ability to prevent blood coagulation.* 
Doses of lanthanum chloride as low as 12 mg. per kilogram administered 
intravenously were fatal to rats."° The LD,, of lanthanum chloride 
injected subcutaneously into mice has been reported to be 3,500 mg. per 
kilogram.*? 

Data on the acute toxicity of six lanthanum compounds given orally 
and intraperitoneally are presented in table 2. These data show that 
lanthanum salts are of generally low toxicity when administered orally 


Tasie 2.—Acute Toxicity of Lanthanum Compounds 


Oral LDse Intraperitoneal LDse 
A 


Concen- Compound, Metal, Compound, Metal, 
Compound tration Mg./Ke. Mg./Ke Rats Mg./Kg. Mg./Kg. 
Lanthanum chioride.... 50% 4,200 2,370 au 
solution 
Lanthanum ammonium 
solution 
Lanthanum oitrate..... 4,500 
solution 
Lanthanum >10,000 
suspension 
>5,000 
suspension 
Lanthanum 50% 10,000 
suspension 


Lanthanum 


to rats, which is probably due mainly to poor absorption of the com- 
pounds. In this connection it has been found that the total retention 
four days after oral administration of a dose of the chloride of lan- 
thanum 140 was approximately 0.3 per cent.'* Lanthanum ammonium 
nitrate was the most toxic and is probably absorbed to the greatest extent, 
while lanthanum oxide and lanthanum sulfate apparently are not 
absorbed to an appreciable extent. 


15. Hamilton, J. G., and others: Metabolism of Fission Products: Progress 
Report for Period Ending February 15, 1943, United States Atomic Energy Com- 
mission, MDDC-1143, 1943. 

16. Hamilton and others.15 Hamilton.144 

17. Mancini, M. A.: Contributo alla farmacologia delle terre rare: I. Lantano, 
Arch. di fisiol. 24:162, 1926. Vincke, E., and Oelkers, H. A.: Zur Pharmakologie 
der seltenen Erden: III. Mitteilung Toxizitat und Wirkung auf Stoffwechselvor- 
gange, Arch. f. exper. Path. u. Pharmakol. 188:465, 1938. 

18. Hamilton, J. G.: Metabolism of Fission Products. Progress report for 
month ending March 15, 1943, Declassified:- Document MDDC 1142, United States 
Atomic Energy Commission, 1943. 
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All animals receiving doses as hig 


h as 10,000 mg. per kilogram of 
lanthanum oxide and 5,000 mg. 


per kilogram of lanthanum sulfate 
survived, and it was not possible to administer larger amounts of these 
When these lanthanum 
salts were administered intraperitoneally, the LD,, 
275 to 62 


two compounds because of their low solubility. 


, values ranged from 
5 mg. of the various compounds per kilogram or 134 to 209 mg. 
of lanthanum per kilogram. Lanthanum acetate was found to be the 
least toxic and lanthanum sulfate the most toxic. 
smaller difference in the toxicity of the in 


There was a much 


lividual compounds when these 
were given intraperitoneally than when they 
indicating that the inherent toxicities of 
similar. 


were administered orally, 


the various compounds are 


Taste 3.—Acute Toxicity of Tantalum and Columbium Compounds 


Oral LDso Intraperitoneal LDso 


Coneen- Compound, Metal, Compound, Metal, 
Compound tratior Mg./Ke Me./hke Rats Mg./Kg. Mg./Ke. Rats 
Tantalum oxide.. 000) >6,00 
SUsPelsion 
Potassium tantalum 
fluorice bur 20 1nd 4 375 73 4 
suspension 
Tantalum chloride 1,900 958 22 75 
solution 
Potassium columtite 40 225 26 
solution 
Columbium chloride. ... 


solution 


Tantalum and Columbium 


Columbium tantalum might be 
expected to be rather toxic in view of 


occurs as the other metal in subgroup V of the 
foil and tantalum oxide have |} 


the toxicity of vanadium,* which 
periodic table. Tantalum 
een considered sufficiently nontoxic to 
have been suggested for covering burns.'® 


Schubert" reported toxic 
symptoms in rats following the administration of 50 mg. 
per kilogram in the form of sodium columbate. 


of columbium 


Data on the acute toxicity of some tantalum and columbium com- 


pounds are given in table 3. The data show that tantalum chloride and 
columbium chloride, which are both soluble salts, 


toxicity im rats 


exhibit a rather high 
Large oral doses of the tantalum 
potassium columbate were tolerated | 


compounds and of 
rats, indicating that they were 
poorly absorbed from the gastrointestinal tract. 


Tantalum oxide may 
8,000 mg. per kilogram 
given orally produced no untoward effects in rats. 
to poor absorption of tantalum oxide, since its solut 


be considered nontoxic, since doses as high as 


This is probably due 


ility is extremely low. 


19, Olson, C. T.: The Place of Tantalum in 
1944: Preliminary Report on the Use 


Surgery, Indust. Med 13:917, 
of Tantalum Oxide Type 400, ibid 14:949, 
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Columbium chloride was the most toxic of the compounds included in 
this investigation, since the LD,, for the compound was 40 mg. per 
kilogram, which is equivalent to 14 mg. of columbium per kilogram. 
Metabolism studies '* with carrier-free columbium 93 showed that the 
uptake and retention in the soft tissues and the rate of elimination are 
greater than for most fission products, and that, in addition, a higher 
proportion was eliminated through the kidneys 

Strontium.—Although there has been a great deal of work done on 
the metabolism and pharmacologic actions of strontium, previous studies 
have included relatively few toxicity measurements of an adequate 
quantitative nature. The minimum lethal dose for rats has been reported 
to be 123 mg. of strontium,” and for rabbits a value of 590 mg. of 
strontium per kilogram injected intravenously as strontium chloride has 
been reported.** The intravenous LD,, of strontium as the acetate for 


Taste 4—Acute Toxicity of Strontium Compounds Administered 
Intraperitoneally to Rats 


of LDse 
Compound, of Metal, 
Compound Mg./Ke Mg./Ke 


Strontium nitrate 40 24 

Strontium bromide 

Strontium lactate 

Strontium salicylate 


rats has been reported as being 1.2 millimoles ** and that for mice as 1.8 
millimoles per kilogram. Pecher ** reported that 8 lb. (3.5 Kg.) rabbits 
withstood the injection of 2.5 Gm. of strontium as the lactate. It has 
also been reported that rabbits withstood 1.174 Gm. per kilogram of 
strontium acetylsalicylate injected intravenously.** Measurements, there- 
fore, were carried out on the intraperitoneal toxicity of several strontium 
salts and the results of these studies are summarized in table 4. 
Strontium salicylate was found to be the most toxic of the strontium 
compounds tested, the LD,,, being 400 mg. of the compound or 88 mg. of 


20. Loeser, D., and Konwiser, A. L A Study of the Toxicity of Strontium 
and Comparison with Other Cations Employed in Therapeutics, J. Lab. & Clin. 
Med. 15:35, 1930. 


21. Faccini, A.: La dose minima letale lontana del cloruro di stronzio, Arch. 
di farmacol. sper. 62:187, 1936. 

22. Cole, V. V.; Harned, B. K., and Hafkesbring, R.: The Toxicity of 
Strontium and Calcium, J. Pharmacol. & Exper. Therap. 71:1, 1941. 

23. Pecher, C.: Biological Investigations with Radioactive Calcium and Stron- 
tium, Univ. California Publ., Pharmacol. (no. 11) 2:117, 1942. 

24. Simon, I.: Studii sull’acetilsalicilato di stronzio: I. Tossicita in confronto 
dell’acido acetilsalicilico, Boll. d. Soc. ital. di biol. sper. 4:1197, 1929 
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strontium per kilogram. Strontium bromide was the least toxic ; how- 
ever, on the basis of the strontium content the bromide, the lactate and 
the nitrate were of equal toxicity. This suggests that in the case of the 
salicylate, and perhaps the. iodide, the toxicity was influenced by the 
anion. 

Cesium and Yttrium.—Some information is available concerning 
the chronic toxicity of cesium. Wright and Graham ® have studied the 
effect of cesium chloride on tumor incidence and reported that the 
maximum daily dose tolerated by mice was 57 mg. Steidle and Ding * 
stated that the subcutaneous injection of 16.6 mg. of yttrium nitrate 
per gram led to the death of white mice. The results of our measure- 


ments on the intraperitoneal toxicity of several salts of cesium and yttrium 
are summarized in table 5. 


Taare 5.—Acute Toxicity of Cesium and Yttrium Compounds Given 
Intraperitoneally to Rats 


LDso of LDso 
Compound, of Metal, 

Compound Mg./Kg. Mg./Kg. Rats 
Cesium chloride......... 1,500 1,118 35 
Cesium bydroxide.... 100 2s 
Cesium bromide........ eee 1,400 36 
Cesium nitrate................ 1, 817 2 
Yttrium ehloride........... 450 182 24 


Among the cesium compounds tested, cesium hydroxide was the most 
toxic with the LD,, being 100 mg. of the compound per kilogram, which 
is equivalent to 89 mg. of cesium per kilogram. Cesium chloride was 
the least toxic with the LD,, being 1,500 mg. of the compound per 
kilogram or 1,118 mg. of cesium per kilogram. All of the cesium com- 
pounds tested except the hydroxide were of low toxicity, as indicated 
by intraperitoneal LD,, values above 700 mg. of cesium per kilogram. 


The yttrium compounds tested exhibited a relatively low intraperitoneal 


toxicity ranging from 350 to 300 mg. of the compound per kilogram. 
On the basis of yttrium content the less soluble oxide was less than half 
as toxic as the chloride and the nitrate. 


EFFECT OF HYDROGEN ION CONCENTRATION ON THE TOXICITY OF 
SEVERAL METALLIC SALTS 


The compounds included in this investigation were administered with- 
out regard to the py of the aqueous solutions or suspensions, since 
neutralization frequently resulted in the formation of insoluble precipi- 
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tates. By neutralization the hydroxides of many of the compounds 
would be formed. Since the anion conceivably contributes to the 
toxicity in some cases by influencing the distribution and other effects, 
altering the compound by neutralization would not give an accurate 
evaluation of the toxicity of a particular salt. In order to obtain some 
information on the extent to which the py of certain salts might con- 
tribute toward the toxicity, the acidity or the alkalinity of the various 
salts employed in the study was measured. For these measurements 
samples of the salts were dissolved in water, and the acid was titrated 
with 0.1 normal sodium hydroxide, phenolphthalein being used as the 


Tasie 6.—Relation of Acidity to Toxicity 


Acidity, Intraperitoneal Acid Injected, 

Compound Milliequiv./Gm. LDse, Mg./Kg. Milliequiv./Kg. 
Zireonyl 900 
Zireony! 400 
Zireony! 1,250 
Zirconium sulfate 1% 
Sodium zircony! sulfate 4,100 
Lanthanum chioride.... 
Lanthanum ammonium nitrate 
Lanthanum nitrate 
Lanthanum sulfate 
Lanthanum acetate 
Tantalum chloride 
Potassium eolumbate 1.0 (base) 0.22 (base) 
Columbium chloride 10.0 04 
Strontium (-[NOs]},, - 

tate, -salicylate) 0 0 

Cesium hydroxide 5.7 (Dase) 0.57 (base) 
Cesium (-Cl, -Br, -I, -NOs).... es 0 0 
Yttrium 2.0 (base) 1.0 (base) 
Yttrium 10.0 4.5 
Yttrium 20 0.7 


indicator. In the case of basic salts the base was titrated with 0.1 
normal hydrochloric acid. The acidity or the alkalinity of these salts in 
milliequivalents of acid or alkali per gram is indicated by the data in 
table 6 together with data on the amount of acid or alkali injected per 
kilogram on administration of an LD,, dose of each compound. 

These data indicated that the compounds varied considerably in their 
acidity, but it does not appear that the amounts of acid injected could 
account for the wide differences in the LD,, values of the various 
compounds. Examination of the data fails to disclose any correlation 
in the amount of acid administered with the injection of an intra- 
peritoneal LD,, dose. The most toxic of the compounds studied was 
columbium chloride, yet administration of an LD,, dose involved the 
injection of only 0.4 milliequivalent of acid per kilogram. Comparing 
the compounds of zirconium, we found that the sulfate was the most 
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toxic and also the most acidic on a weight basis, but administration of 
an L.D,. dose involved injection of the least amount of acid. Among 
the lanthanum salts the most toxic was lanthanum sulfate, which was 
also the most acidic: however, the amount of acid given with an LD,, 
dose was considerably less than was administered in the case of other 
less toxic salts included in this study. Cesium hydroxide is the most 
toxic of the cesium compounds which we examined, and in this case it 
seems possible that the strong alkalinity of this compound is at least 
partially responsible for the difference in the toxicities of cesium 
hydroxide and other cesium compounds, 


EFFECT OF METALLIC IONS ON SUCCINIC DEHYDROGENASE 
Some tests on the effects of these metals on enzymatic reactions were 
carried out for the purpose of obtaining information regarding their 
behavior in biologic systems. For these studies enzyme systems were 


Taste 7.—Effect of Lanthanum on Mouse Liver Succinic Dehydrogenase 


Meta), Molar Per Cent of 
Metal Concentration Control Activity 
Control (ealeium and aluminum) 4x 100 
None 
Caleium 
Aluminum 


Lanthanum 


La 10-* niolar Ca 


selected which require metallic activators, such as calcium, for maximal 
activity. Succinic dehydrogenase was the first such enzyme _ studied 
because for maximal activity the test system requires calcium and 


aluminum *° and, in addition, it has been shown that the activity of this 


enzyme can be increased by chromium and certain rare earths.2¢ Tests 
on the effects of these metals on succinic dehydrogenase activity in the 
presence and in the absence of calcium and aluminum were carried out, 
Data on the effect of lanthanum as the ammonium nitrate salt on the 
succinic dehydrogenase activity of mouse liver homogenates are given 
in table 7, 

It may be seen that in the absence of any metallic ion the succinic 
dehydrogenase activity is less than half the control value obtained when 

25. Axelrod, A. E.; Swingle, K. F., and Elvehjem, C. A.: The Stimulatory 
Effect of Calcium -upon the Succinoxidase Activity of Fresh Rat Tissues, J. Biol 
Chem. 140:931, 194}, 

26. Horecker, B. L.; Stotz, E.. and Hogness, T. R.: The Promoting Effect of 
Aluminum, Chromium, and the Rare Earths in the Succinic Dehydrogenase- 
Cytochrome System, J. Biol. Chem. 128:251, 1939. 
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4 & 10° molar calcium and aluminum are present. Calcium alone at the 
control concentration gave 85 per cent and lanthanum alone at a con- 
centration of 1 X 10° molar gave 78 per cent of the control activity 
whereas in the presence of 4 & 10* molar calcium plus 1 & 10° molar 
lanthanum the activity was 103 per cent of the control. Thus lanthanum 
effectively replaced aluminum in the test system, indicating that the 
biologic effects of these two metals were similar. 

Zirconium in concentrations ranging from 1 * 10° to 1 & 10% molar 
both as zirconyl chloride and zirconium sulfate had no significant effect on 
succinic dehydrogenase activity, and similar results were obtained with 
potassium tantalum fluoride at a final molar concentration of 1 & 10°. 
Neither barium. chloride nor magnesium chloride at a final molar con- 
centration of 4 & 10° nor any of the other salts with the exception 
of strontium had any effect when tested for their ability to replace 
calicum. <A test system with 4 « 10% molar strontium chloride as the 
only salt had 67 per cent as much activity as did the test system con- 
taining both calcium and aluminum, while with strontium plus aluminum 
each at a final molar concentration of 4 & 10° the activity was 78 per 
cent of the control, indicating that strontium is at least partially able to 
replace calcium in activating succinic dehydrogenase. 

Columbium as potassium columbate was found to inhibit mouse liver 
succinic dehydrogenase, with 1 % 10° molar potassium columbate 
causing 65 per cent inhibition while a molar concentration of 5 & 10% 
caused 51 per cent inhibition. Yttrium chloride at a final molar con- 
centration of 1 & 10° also caused 25 per cent inhibition. The py of 
the reaction mixture was checked in the presence of the highest concen- 
tration of each salt used, and it was not found to differ from that of the 
control system. The inhibitory effect of columbium was interesting in 
view of the toxicity of this metal, and the results suggest that the acute 
toxicity of columbium might be explained on the basis that it interferes 
with the metal-activated enzymatic reactions. 


EFFECT OF ZIRCONIUM, COLUMBIUM, LANTHANUM, STRONTIUM AND 
YTTRIUM ON ADENOSINE 


rRIPHOSPHATASE 
Adenosine triphosphatase requires the presence of calcium ions for 
maximal activity.’° Since some of the metals employed in the study 
might conceivably interfere with biologic reactions requiring calcium 
as the activator, in vitro tests were carried out on adenosine triphos- 
phatase, with mouse liver homogenates being used as the source of the 
enzyme and calcium as the activator. 

All of the salts included in this study except cesium chloride caused 
some inhibition in the range of concentrations used. By plotting the 
logarithm of the inhibitor concentration against the percentage of con- 
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trol activity the molar concentration of each metal producing 50 per 
cent inhibition was estimated to be as follows: columbium chloride, 
4 X potassium columbate, 5.8  10*; lanthanum chloride, 
4.4 * 10°; strontium chloride, 8.3 10°; yttrium chloride, 4.5 « 10°; 
zirconyl chloride, 1.05 10°. In the case of adenosine triphosphatase, 
in vivo studies must be conducted before significance is attached to the 
inhibitory effects of various metals, although it is interesting to note that 
the most effective inhibitor tested, columbium, is also the most toxic 
of the metals examined during this study. 


COMMENT 


The results of these toxicity studies have provided information con- 
cerning several metals which have previously received little attention 
from the standpoint of their toxicologic effects. The recent industrial 
employment of these metals has stimulated interest in their possible 
harmful effects, and the data presented in this communication should 
therefore be of value to industries using these metals. In order to 
evaluate the toxicity of the metals accurately it was considered necessary 
to study several compounds of each metal, since erroneous conclusions 
may be drawn from toxicity studies based on one or two compounds of 
a particular element. 

Administered by the oral route, zirconium, tantalum, lanthanum 
and columbium all exhibited a low toxicity in rats. The metabolism of 
some radioactive isotopes of the metals included in this study has been 
examined by other investigators *7 and summarized by Hamilton and 
co-workers.** From these previous reports it appears that a major 
factor responsible for the low oral toxicity appears to involve poor 
gastrointestinal absorption of these metals. Zirconium, lanthanum, 
strontium and yttrium are relatively nontoxic when administered 
intraperitoneally to rats. Of the entire series studied, cesium compounds 
were the least toxic intraperitoneally, with the outstanding exception 
of cesium hydroxide, which was about ten times more toxic than the 
other cesium compounds tested. The chlorides of tantalum and 
columbium were the most toxic of the compounds included in this series, 
as one might expect from the high toxicity of vanadium, the other 
member of subgroup V of the periodic table. 


27. Hamiiton.14® Scott and others.‘#> Hamilton and others.15 Hamilton.*8 

28. Hamilton, }. G.: The Metabolism of the Fission Products and the Heaviest 
Elements, Radiology 49:325, 1947. Copp, D. H.; Axelrod, D. J., and Hamilton, 
J. G.: The Deposition of Radioactive Metals in Bone as a Potential Health 
Hazard, Am. J. Roentgenol. 88:10, 1947. Hamilton, J. G.: The Metabolism of the 
Radioactive Elements Created by Nuclear Fission, New England J. Med. 240:863, 
1949. 
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The observation that lanthanum stimulates succinic dehydrogenase 
has been reported previously,”* and thé finding that it was able to replace 
aluminum in this system was not surprising in view of the chemical 
similarity of the two metals. This finding indicates that aluminum 
and lanthanum behave similarly in biologic systems. The inhibition of 
adenosine triphosphatase by strontium may well be due to its com- 
peting with calcium, since the two metals belong to the same group 
and have a number of chemical similarities. The most toxic of the 
metals in this series was also found to be the most potent inhibitor, 
but the extent to which these effects contribute to the mechanism of 
toxic action of the metals awaits further in vivo studies. 


SUMMARY 


The acute oral LD,, values for five zirconium salts ranged from 
990 to 2,290 mg. of zirconium per kilogram; large oral doses of zir- 
conium compounds can, therefore, be ingested without harmful effects. 
The intraperitoneal LD,, values ranged from 63 to 939 mg. of zirconium 
per kilogram, with zirconium sulfate being the most toxic and sodium 
zirconyl sulfate the least toxic. 

Lanthanum compounds exhibited a low toxicity when administered 
orally. Of six compounds tested, lanthanum ammonium nitrate was the 
most toxic, the LD,, being 830 mg. of lanthanum per kilogram. No deaths 
occurred from doses as high as 10 Gm. per kilogram of lanthanum 
oxide and 5 Gm. per kilogram of lanthanum sulfate. When five of 
these compounds were administered by the intraperitoneal route, the 
LD,,, values ranged from 134 to 209 mg. of lanthanum per kilogram. 


Tantalum oxide was nontoxic when administered orally, while 
potassium tantalum fluoride, tantalum chloride and potassium columbate 
exhibited a low toxicity by this route. When tantalum chloride was 
given intraperitoneally, the LD,, was 38 mg. of tantalum per kilogram. 
Both potassium columbate and columbium chloride were quite toxic to 
rats when given intraperitoneally, the LD,, values being, respectively, 
86 and 14 mg. of columbium per kilogram. 


The intraperitoneal toxicity of five strontium compounds ranged from 
an LD,, of 88 to an LD,, of 247 mg. of strontium per kilogram. Cesium 
exhibited very low intraperitoneal toxicity to rats except in the case 
of cesium hydroxide, in which the LD,, was 89 mg. of cesium per kilo- 
gram. Yttrium appeared to be relatively nontoxic; the LD,, values for 
three yttrium compounds ranged from 117 to 395 mg. of yttrium per 
kilogram. 

Lanthanum chloride (molar concentration, 1 * 10°) was found to 
be able to replace aluminum as an activator for the succinic dehy- 
drogenase system. Strontium chloride (molar concentration, 4 * 10°) 
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was partially effective in replacing calcium in this system, Columbium 
(5 10* molar potassium columbate) caused approximately a 50 per 
cent inhibition and 1 10° molar yttrium chloride produced a 25 
per cent inhibition of the succinic dehydrogenase activity of mouse 
liver in vitro. 


Cesium chloride failed to inhibit the adenosine triphosphatase activity 
of mouse liver in vitro, while salts of other metals caused 50 per cent 
inhibition at the following molar concentrations: columbium chloride, 
4.2 10°*; potassium columbate, 5.8 10°*; lanthanum chloride, 
4.4 * 10°; strontium chloride, 8.3 10%; yttrium chloride 4.5 « 10°; 
zirconyl chloride, 1.05 * 10°. 


The zirconium compounds employed in these studies were supplied by F. W. 
Berkand Company, Wood Ridge, N. J. 
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PROLONGED INHALATION OF CADMIUM 


FRANK PRINCI, M.D. 
Director, Division of Industrial Medicine, University of Colorado Medical Center 
AND 
ERVING F. GEEVER, M.D. 
Assistant Professor of Pathology, University of Colorado 
DENVER 


S THE industrial use of cadmium has become more common, the 
question of its toxicity during long-continued exposure has become 
more important. That large concentrations of cadmium dusts or fumes 
will produce serious injury in the organism has been shown by many 
investigators. Most of these reports, however, have dealt either with 
workers exposed to massive concentrations over short periods or with 
those exposed over long periods in industrial operations where the 
actual amount of cadmium present has either not been known or at least 
not reported. 

The typical clinical signs of cadmium intoxication were first 
described by Lafitte and Gros,’ in 1942. Workers exposed to cadmium 
dusts and fumes over long periods were said to suffer from vague motor 
disturbances, great pain in the lower limbs, lancinating in character but 
without exact localization, and similar pains in the pelvis and the loins, 
and their walking was considerably impeded. Physical examination, 
however, yielded essentially negative results. This syndrome has not 
been reported in the United States among persons who were exposed 
solely to cadmium. 

Barthelemy and Moline * described the same findings among persons 
who were employed in cadmium battery manufacture. They also 
described an earlier clinical sign, the latent period of which was about 
two years; this was unaccompanied by symptoms. Their finding con- 
sisted of a yellow pigmentation of the teeth, which they called the yellow 
ring of cadmium. Since their original publication, similar observations 


This work was done with the aid of a grant from the National Institutes of 
Health, Bethesda, Md. 

Read at the Second Annual Meeting of the American Academy of Occupational 
Medicine, Cincinnati, Feb. 17, 1950 

1. Lafitte, A., and Gros, A.: Les lésions osseuses de l'intoxication chronique 
par le cadmium, Presse méd. 50:299-400, 1942 

2. Barthelemy, P. M., and Moline, R.: Intoxication chronique par I’hydrate 
de cadmium, son signe précoce: La bague jaune dentaire, Paris méd. 36(1):7-8 
1946. 
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have been made in this country, but no subjective complaints were elic- 
ited from workers whose teeth showed this yellow ring.* The ring 
appeared to be part of the tooth structure itself, and was not related to 
the hygienic condition of the teeth or the gums. It has been considered 
the earliest sign of cadmium absorption, although much greater expos- 


ure can occur without apparent damage being done to those exposed. 

It has been suggested that this dental pigmentation “may be related 
to the presence of fluorine in the drinking water in the Rocky Mountain 
section of this country acting alone or in combination with some chemi- 
cal in the workers’ environment.” * Analysis of the drinking water 
consumed by these persons revealed, however, that the fluorine content 
is exceptionally low, being below the recommended figure, 1.5 parts per 
million. Actually it is measured in thousandths of a part per million. 


Perhaps the first symptoms reported to have occurred in a group 
of industrial workers were those published in 1947 by Hardy and 
Skinner.’ They concerned men exposed during the lining of large steel 


parts with cadmium. The atmospheric concentrations of cadmium were 
said to vary from 6 to 68 mg. per cubic meter. With urinary values 
up to 0.05 mg. of cadmium per liter, these men were described as report- 
ing that on damp days they had sternal pain, throat irritation and 
coughing. All but one of them had gastrointestinal complaints of 
varying severity—from anorexia to nausea, vomiting and epigastric pain. 


In 1948 Friberg“ described a group of workers who were exposed 
to cadmium and nickel dusts. The most frequently occurring symptoms 
were said to be fatigue, nervousness and irritability, increased thirst 
and parched mouth, cough and shortness of breath. Among those who 
had had the longest exposure, about half complained of anosmia. This 
investigator stated that air analyses indicated values between 0.003 and 
0.9 mg. of cadmium per liter of air and 0.01 to 0.7 mg. of nickel per 
liter of air. Such exposure resulted in the production of definite renal 
injury and in proteinuria in 8 of 19 workers who had been exposed for 
more than eight years. 


These findings were apparently at variance with a clinical study 
which was done on persons in this country who had been exposed to 
cadmium dusts and fumes for periods of more than twenty years * 


(a study which was later confirmed by another investigator who exam- 


3. Princi, F.: A Study of Industrial Exposures to Cadmium, J. Indust. Hyg. & 
Toxicol. 29:5, 1947. 


4. Hamilton, A., and Hardy, H. L.: Industrial Toxicology, ed. 2, New York, 
Paul B. Hoeber, Inc., 1949, p. 152. 

5. Hardy, H. L., and Skinner, J. B.: The Possibility of Chronic Cadmium 
Poisoning, J. Indust. Hyg. & Toxicol. 29:321, 1947. 

6. Friberg, L.: Proteinuria and Kidney Injury Among Workmen Exposed to 
Cadmium and Nickel Dust, J. Indust. Hyg. & Toxicol. 30:1, 1948. 
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ined the same persons’). In the latter study, however, the highest 
atmospheric concentrations found did not exceed 32 mg. per cubic 
meter, whereas the concentrations reported by Friberg * attained ranges 
of 900 mg. per cubic centimeter, and those reported by Hardy and 
Skinner ® attained ranges of 68 mg. per cubic meter. In addition to 
these differences in atmospheric concentrations, it is worth noting that 
the physical form of cadmium was probably different in each of the 
three investigations. It seems reasonable to suppose, therefore, that the 
variations in the clinical and laboratory findings which have been 
reported are due in the most part to differences in the concentration and 
differences in the physical state of the compounds. 

Therefore, for the purpose of better evaluating the human cases 
studied by us, an experiment was planned wherein animals would be 
exposed to the dusts of cadmium oxide and cadmium sulfide only. 


METHOD 


Since it was hoped that the results of this experiment could be compared to 
the effects observed in persons who had actually been exposed to cadmium in 
industry, it was considered advisable to maintain the conditions of the experiment 
as close to an inhalation exposure as was possible. 


For this purpose, special exposure chambers were devised and utilized.* In 
these chambers it was possible to maintain concentrations and particle sizes within 
close limits. Three chambers were constructed. In one chamber 10 dogs were 
exposed to cadmium sulfide at a time®; in another, 10 dogs were exposed to 
cadmium oxide ®; and in the third, 10 control animals were exposed to air which 
passed through at the same velocity (35 lineal feet [10.5 meters] per minute) as 
was found in the other two exposure chambers. 

Daily sampling of the chambers revealed that 98 per cent of the particles were 
less than 3 microns in diameter. No particle over 5 microns was ever seen. The 
exposure concentration was arbitrarily selected as 30 to 40 times the present maxi- 
mum concentration allowed for human subjects. Daily tests of the atmosphere 
of the chambers showed that cadmium concentrations varied between 3 and 7 mg. 
per cubic meter, with an average concentration of 4 mg. per cubic meter of air. 

The dogs were exposed for 6 hours a day on five days a week. Dogs were 
exposed to cadmium sulfide over periods which averaged 895 hours; the longest 
exposure was 1,417 hours (dog 28). Other dogs were exposed to cadmium oxide 
over periods which averaged 1,102 hours, 1,319 hours being the longest period 
recorded (dog 10). 

Immediately on being removed from the chambers, the dogs’ heads were cleaned 
with a vacuum cleaner and washed off so that as little of the cadmium dust as 
possible was left clinging to the nose and the fur of the head. When not in the 
chambers, the dogs were kept in the dog runs located on the roof of the building, 
so that there would be no additional contact with cadmium during the nonexposure 


7. Redwine, R.: Unpublished data. 

8. Princi, F.; Church, F. W., and McGilvray, W. A.: An Improved Animal 
Dusting Apparatus, J. Indust. Hyg. & Toxicol. 31:106, 1949. 

9. Analyses of the cadmium oxide and the cadmium sulfide which were used 
showed the presence of less than 0.1 per cent of other metals. 
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hours. The control chamber was also located in another part of the building to 
prevent any possibility of contamination. 


All the dogs were maintained on a standard diet. Each dog was weighed 
weekly, and the following laboratory procedures were carried out: 

A. Complete blood counts and hemoglobin determination every two weeks 

B. Complete routine urinalysis every two weeks 

C. Hematocrit reading every two weeks 

D. Sulfobromophthalein retention tests (per cent retained at 30 minutes) 
monthly 

E. Bone marrow smears (myeloid-erythrocytic ratio) monthly 

F. Blood cadmium analysis every two weeks 

G. Urinary cadmium analysis every two weeks 


H. Serum alkaline phosphatase determination every two weeks 


Taste 1.—Blood Findings—Control Group 


Sulfo- 
Serum bromo 
Alkaline phthalein 
Frythro- Blood Phos- Reten 
cytes, Leukocytes, Urea phatase, tion, 
Hemo- Hemato- Millions Thousands Nitrogen, Bodansky Per Cent 
globin, erit per Ou. per Ou 4 Mg. per in # 
Gm Reading Mm Mm 100 Ce. - Min. 
15.5 45 6.18 10.90 11.0 6.9 
17.9 0.0 7.0 12.90 J 11.6 2. 13.8 
16.5 45.0 5.40 9.37 115 25.2 
52.0 6.94 2.3 16 3.07 19.7 
570 7.08 13.20 2 134 2 15.9 
6.80 16.00 J 11.3 2. $1.0 
53.7 6.53 20.00 4 10.3 > 14.7 
57.0 6.70 15.80 12.9 
7.00 4.0 11.0 
61.0 6.00 10.86 2. 11.8 


RESULTS 


During the periods of exposure none of the dogs died of illness, 
although several had to be killed because of severe injuries received 
while fighting among themselves; attempts to treat these injuries were 
unsuccessful. Four dogs (10, 20, 21 and 33) eventually died of broncho- 
pneumonia. Because of these unforeseen deaths, the exposure time 
varied for different animals; but, despite these variations, a sufficient 
number of dogs survived the entire experiment to produce significant 
results. 

Table 1 shows a compilation of averages of the results of laboratory 
studies of the control animals which survived the entire period. In no 
case was cadmium recovered from either the blood or the urine. The 
hemoglobin concentrations, the hematocrit readings and the red blood 
cell counts were all within the limits of normal but are reproduced in 
the table to show the wide variaticn which occurs in normal animals 
Differential white cell counts and bone marrow differentials (myeloid- 
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erythrocytic ratio) were within normal limits, accordings to the findings 
of Clark and Van Loon * and of Mulligan.** Normal blood urea nitro- 
gen levels were found to be 9.2 to 13.4 mg. per hundred cubic centi- 
meters, and normal serum alkaline phosphatase varied from 1.03 to 4.29 
Bodansky units in the control animals. (These ranges were found in 
biweekly samples from the same animals). Since no satisfactory aver- 
age normal values for sulfobromophthalein retention could be found for 
dogs, an attempt to establish such values was made in our controls. 
However, the variation from 3.3 to 81 per cent in 30 minutes was too 
great to be considered of any diagnostic value. 

Three of the control dogs frequently had pus cells in the urine, and 
it was felt that this abnormality probably resulted from repeated cathe- 
terizations. Neither the gross nor the microscopic autopsy observations 
presented anything significant. 


Taste 2.—Blood Findings—Dogs Exposed to Cadmium Oxide (Left) and 
Dogs Exposed to Cadmium Sulfide (Right) 


Erythro- Erythro- 
cytes, Leukocytes, cytes, Leukocytes, 
Hemo- Hemato- Millions Thousands Hemo Hemato Millions Thousands 
globin, crit per Ou. per Ou. A globin, crit per Ou. 
Gm Reading Mm. Do Gm Reading Mm. 
14.6 13.00 15.3 
12.00 3 
12.70 A 5 12.5 
11.90 3 12.6 
M49 
14.0 


6.58 


The average weight gain in the control group was 1 Ib. (0.5 Kg.), 
1 dog having lost weight and 9 dogs having gained. Of the dogs exposed 
to cadmium oxide, all 10 gained weight in amounts which averaged 
1.55 Ib. (0.7 Kg.). All the dogs exposed to cadmium sulfide gained 
weight in amounts which average 1.3 lb. (0.65 Kg.). 

Table 2 represents a summary of the blood findings of 20 dogs which 
were exposed to cadmium oxide and to cadmium sulfide for varying 
lengths of time. In view of the limits established with the control 
animals there are no significant abnormalities. All 20 of these animals 


had had no less than twelve months’ exposure, and in some cases 
exposure was as long as fifteen months. 


10. Van Loon, E. J., and Clark, B. B.: Hematology of the Peripheral Blood 
and Bone Marrow of the Dog, J. Lab. & Clin. Med. 28:1575-1579, 1943. 

11. Mulligan, R. M.: Quantitative Studies on the Bone Marrow of the Dog, 
Anat. Rec. 79:101-108, 1941. 
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Dog Ratio 

1.6 

9 23 

10 3.1 

2.35 

» 2.2 

21 1.73 

508 6.16 12.10 13 15.1 51.6 6.12 15.05 13 

31 17.2 57.5 6.96 14.70 2.0 6 “438 49.2 6.08 10.50 1.6 a. 
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In table 3 are represented the average cadmium levels of the blood 
and urine of dogs exposed to cadmium oxide.’* The highest average 
level attained was 0.119 mg. per hundred cubic centimeters of blood, 
and the highest single value was 0.22 mg. The average urinary value 
exceeded the average blood level in every case. The highest urinary 
value found was 0.382 mg. per liter. Since the urinary samples were 
all spot samples, this does not appear to be an extraordinarily high value. 

The cadmium levels of the blood and urine of the dogs exposed to 
cadmium sulfide are shown in table 3 and, in general, are significantly 
Jower than those which were found in the dogs exposed to cadmium 
oxide. This observation is consistent with the fact that cadmium oxide 
is much more readily soluble in body fluids than is cadmium sulfide and 
therefore is much more readily absorbed. 


Taste 3.—Results of Cadmium Analyses of Blood and Urine (Average Values) 


Dogs Exposed to Cadmium Oxide Dogs Exposed to Cadmium Sulfide 


Blood Urinary Blood Urinary 
Cadmium, Cadmium, Cadmium, Cadmium, 
Me. per Mg Mg. per Me 
100 Gm perl 100 Gm, per L. 
0.046 0.085 0.047 0.091 
0.046 0.081 0.129 0.127 
0.035 0.108 3 0.018 0.048 
0.073 0.382 0.018 0.025 
0.068 0.006 0.024 0.042 
0.061 0.088 0.8 0.047 
0.051 0.082 : 0.085 0.050 
0.19 0.148 26 ‘ 0.013 0.019 
0.008 0.138 rs 0.023 0.020 
0.095 6.215 0.0380 0.035 


Autopsies of the 36 dogs at the end of the period of exposure showed 
that 9 of them had chronic focal cystitis. In 4 of these 9 chronic 
pyelitis had developed. Of the 9 dogs, 3 were in the control group, 
2 in the cadmium oxide gronp and 4 in the cadmium sulfide group. In 
2 dogs of the control group and in 1 in each of the other two groups 
pyelitis had developed. In no case was tubular damage found in the 
kidneys (such as might be expected from severe heavy metal poisoning). 
No pulmonary fibrosis or emphysema was seen in the lungs of the 
animals, and the microscopic studies revealed no alveolar thickening. 
Mild deposition of pigment only was found in the perivascular lymphatic 
channels and peribronchial lymph nodes. No pathologic changes were 
seen in the livers of the exposed animals. 


12. All analyses of biologic materials were done by F. W. Church’s method 


(A Mixed Color Method for the Determination of Cadmium in Air and Bic logical 
Samples by the Use of Dithizone, I. Indust. Hyg. & Toxicol. 20:34-40, 1947). 
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Roentgenograms of the lungs and the long bones were made before 
exposure began and at the termination of the exposure. None of the 
final roentgenograms of the chests showed any variation from the orig- 
inal ones, and no pneumonitis was discovered. Roentgenograms of the 
long bones indicated that these had remained perfectly normal, and the 
striations described by Lafitte and Gros * could not be detected. 

Temperatures were recorded daily and except for minor variations 
no significant changes were noted. Among the dogs that died of 


injuries there were some elevations of temperature and bronchopneu- 


monia. These injuries all occurred early and before the dogs had 
Tasce 4.—Results of Cadmium Analyses of Organs 


Concentration of Cadmium, Mg. per 100 Gm 


Bone Feces * Bile Kidney Liver 
Dogs Exposed to Cadmium Oxide 
4.47 7.20 
3.14 
1.36 
1.45 
16 
Ss. 
Lo 
1.07 
1.72 
Dogs Exposed to Cadmium Sulfide 
0.58 
0.15 
0.08 
0.07 
0.37 
0.24 
0.18 
0.12 
Trace 


* These figures represent analyses of the feces whieh were removed from the alimentary 
tract at autopsy. 


become accustomed to living together. When other dogs were substi- 
tuted, they survived the entire experiment. 

In tables 4 and 5 are recorded the results of cadmium analyses of 
various organs. Although all organs were analyzed routinely, only 
those containing significant amounts are considered here. The largest 
amounts of cadmium were always recovered from the feces, and this 
indicated to us that, despite our precautions, a certain amount of cad- 
mium may have been ingested. It must be remembered, however, that 
even intravenously injected cadmium will be eliminated to a certain 
extent through the alimentary tract.’* Consistent with the relatively 
large amounts found in the feces were the cadmium levels in the bile. 
It is impossible to judge how much of the bile cadmium was inhaled 


13. Hessel, G.: Resorption and Elimination of Cadmium, Biochem. Ztschr. 


177: 145, 1926. 
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cadmium and how much was ingested cadmium. There seemed to be 
little relationship between the amounts of cadmium recovered from the 
In general, however, the quantity of 
From 


bile and those from the liver. 
cadmium found in the liver was far less than that in the kidneys. 
the findings for the dogs exposed to cadmium sulfide shown in table 4 
it is apparent that inhalation of this less soluble compound resulted in 
less being absorbed and less deposited in the various organs of the body. 
Also shown in this table are the values for cadmium deposited in bone. 
Again the cadmium deposition is greater in the dogs which were exposed 
to cadmium oxide than in the dogs exposed to cadmium sulfide. 

From table 5 it is grossly apparent that more cadmium was 
absorbed through the lungs of the dogs which were exposed to 
cadmium oxide and that greater amounts of cadmium were recovered 
from the teeth of these dogs. Despite the relatively large amounts 
of cadmium which were found in the teeth, weekly examinations 


Tasie 5.—Results of Cadmium Analyses of Organs 


Dogs Exposed to Cadmium Oxide, Dogs Exposed to Cadmium Sulfide, 
M 


Mg. per 100 Gm. g. per 100 Gm. 
Dog Lung Teeth Dog Lung Teeth 


231 Trace 


We are still unable to 
explain how this cadmium is deposited in the teeth or in which part 
of the dental structure it is stored. In any event, no increase in dental 
caries was noted. 


revealed no definite change in dental color. 


Unstained microscopic sections of the teeth showed 


no abnormalities or areas of cadmium deposition. 


COMMENT 
In an attempt to determine the physiologic effects of the cadmium 
dusts to which men are exposed in industry, an experiment was 


devised which was intended to simulate‘so far as possible the condi- 


tion of the exposure of the workers. Thus, animals were exposed 


to known atmospheric concentrations of dusts of known particle size 


for daily periods which approximated the daily length of time during 
which workers were likely to be exposed in industry. 

Dogs were chosen as the experimental animals since their metabo- 
lism was thought to resemble that of man more closely than does the 
Furthermore, the large amounts of 


metabolism of smaller animals. 


2.02 0.21 6 4.26 0.32 
Ag i 20 % 1.75 0.89 0.18 
j 0.24 %... 1.23 0.66 
0.51 26... 2.83 0.13 
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blood which were needed for routine analysis would not have been 
readily obtained from small animals without exsanguinating effects. 
Also, such frequent bleeding of small animals would have produced 
effects on the blood elements which could not have been evaluated 
properly. 

The wide range of normal findings relative to the blood elements 
in our control group is consistent with the findings in larger groups 
of dogs and should serve as a warning against refined interpretations 
ot changes in erythrocyte or leukocyte counts in any type of animal 
intoxication. The blood findings of the exposed dogs did not vary 
to any marked degree from those of the controls, and the lack of change 
in erythropoietic activity is indicated by the results from the routine 
blood smears, which remained within the normal limits for the myeloid- 
erythrocyte ratio. \lthough other investigators have demonstrated 
au definite effect of cadmium particularly on the red blood cells, we 
feel that probably no deleterious effects will be produced within certain 
limits of exposure. 

In an attempt to determine the production of hepatic injury, if any, 
hlood urea nitrogen and sulfobromophthalein retention were determined 
Since no satisfactory normal figures were obtainable for these tests, 
an attempt to establish base lines was made on the control group. 
Again, because of the wide variation in normal values, accurate 
standards could not be established, but the exposed animals did not 
show any great differences in physiologic response as compared with 
the controls. Thymol turbidity and cephalin-cholesterol flocculation 
tests were not used, because attempts to establish base lines with these 
tests resulted in still greater variations than those which were obtained 
by studying blood urea nitrogen and sulfobromophthalein retention 

Complete autopsies of all 30 dogs showed no significant abnormal 
ities which might indicate damage from the cadmium compounds 
Because damage had been reported in the lungs, the liver and the kid 
neys, particular attention was paid to these organs. There was no 
pulmonary fibrosis or any alveolar thickening. Our exposure levels 
were low as compared with those employed in other experimental work 
It is our belief that extremely high concentrations of cadmium dusts 
cause a primary irritation of the pulmonary tissue with consequent 
alveolar thickening. However, in the presence of smaller amounts of 
dusts, as in industry, no chronic damage is produced even though a 
significant amount of cadmium will remain in the lungs for a long period 
and not be absorbed. 

The absence of clinical or pathologic changes referred to the liver 
argues strongly against any serious injury. We do feel it is signifi- 
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cant, however, that relatively large amounts of cadmium were deposited 
in and recovered from this organ without any apparent deleterious 
effect. 

Similarly, appreciable amounts of cadmium were found in the kid- 
neys without evidence of damage to the kidney tubules. The fact that 
pyelitis and cystitis occurred in both the control and the exposed series 
indicates that these conditions were caused by ascending infections, 
which were most probably the result of repeated catheterizations. 

The fact that individual blood levels of cadmium ranged from 0.003 
mg. per hundred grams after one week of exposure to as high as 0.22 mg. 
per hundred grams after a year of exposure in the dogs exposed to 
cadmium oxide shows that this substance is readily absorbed and is 
probably not harmful in moderate exposures. The urinary levels of 
cadmium ranged from 0.006 mg. per liter after one week of exposure 
to as high as 0.357 mg. per liter after a year of inhalation. The latter 
findings seem to be entirely consistent with the blood findings. 

The cadmium levels of the blood and urine of the dogs exposed to 
cadmium sulfide, however, were much lower throughout, and_ this 
observation coincides with the differences in solubility and therefore in 
absorption of the two compounds, In this group, the highest blood 
cadmium level recorded was 0.085 mg. per hundred grams and the 
highest urine level was 0.111 mg. per liter. In view of these find- 
ings we feel that atmospheric concentrations of cadmium sulfide far 
in excess of those used in this investigation could be tolerated without 
harmful effects. 

The physiologic results reported from this investigation agree with 
the findings in workers who were exposed to cadmium oxide and 
cadmium sulfide dusts over long periods.'* We feel that this experi- 
ment with dogs furnished no evidence that the inhalation of moderate 
quantities of these particular dusts would produce measurable chronic 
effects. With this fact in mind, together with an appreciation of 


species susceptibility, we suggest that the presently accepted maximum 
allowable concentration of 0.1 mg. per cubic meter is lower than is 
necessary to protect the health of workers and that the maximum 
allowable concentration might be raised te 10 times that value without 


producing deleterious effects. This statement does not apply to other 
compounds of cadmium or freshly generated fumes. 

The adoption of the present maximum allowable concentration was 
merely a wartime expedient; yet, despite this fact, the same value is 
reproduced in many state codes and is used as an absolute value in 
many areas, 


14. Princi.® Redwine.? 
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SUMMARY 


A total of 30 dogs were studied for one year. Ten of these were 
exposed to known amounts of cadmium oxide, 10 to known amounts 
of cadmium sulfide, and 10 were used as controls. 

Most of the dogs showed weight gains during the period of expo- 
sures, and no significant loss of weight was noted. 

Most of the cadmium dust inhaled was stored in the lungs, the liver 
and the kidneys; lesser amounts were stored in the bones and in the 
teeth despite the fact that in dogs there is no observable change in 
the color of the teeth. 

Moderate absorption of cadmium does not produce demonstrable 
pathologic changes in lungs, liver or kidneys. 

The presence of cadmium levels as high as 0.22 mg. per hundred 
grams of blood and as high as 0.357 mg. per liter of urine was unac- 
companied by evidence of physiologic damage. 

Cadmium sulfide and cadmium oxide differ greatly in solubility 
and absorbability and, therefore, must differ greatly in the amounts 
required to produce intoxication. 

It is suggested that higher maximum allowable concentrations be 
established and that their values be made different for different com- 
pounds and for different physical states of the same compound. 

Dr. Richard M. Mulligan gave assistance and advice in the study of peripheral 
blood and bone marrow smears. 

The data were analyzed and the tables prepared by Mrs. Lucille J. Crumbaker 
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INCIDENCE OF CANCER IN THE CARBON 
INDUSTRY 


THEODORE H. INGALLS, M.D. 
Assistant Professor of Epidemiology, Harvard School of Public Health 
BOSTON 


BLACK 


‘YHIMNEY soot was first associated with an occupational cancer 
4 of the scrotum observed among chimney sweeps by Percival Pott 


around 1775.! Some thirty confirmatory studies have been made in 


Great Britain during the past two centuries according to Hueper,? who 
stressed the fact that soot cancers of the skin have never constituted a 
significant industrial problem in the United States. Nonetheless, the 
suspicion lingers that soots as a class are carcinogenic,* and the present 
study was planned to determine whether an industrial hazard of cancer 
does in fact exist in the manufacture of carbon black, a commercially 
pre duced form of soot. 
Ilueper defined soot as 

: the product of the imperfect combustion of highly carbonaceous sub 
stances, such as coal, mineral oil, pitch, tar, resins, wood fats, vegetable and animal 
, : oils, and combustible gases. It is a deep black pigment in a very finely divided 
state, consisting mainly of carbon with an admixture of hydrocarbons. Soot repre 
sents an incidental by-product from burning of coal, wood and other kinds of 


carbonaceous fuel in furnaces, stoves, and especially in fireplaces in which the 


lrait is deficient and combustion is imperfect. The soot thus formed is precipi 
tated in part in the chimney and on its walls 

In the United States the term “carbon black” customarily refers to 
the specific product of the incomplete combustion of natural gas or oil; 


but confusion may arise as to the meaning of the term, for in Europe 


“carbon black” is frequently used synonymously with “soot” as detined 


by Hueper. It is in this generic sense that Downey * and Hueper ° have 


From the Department of Epidemiology, Harvard School of Public Health 
1. Pott, P.: Chirurgical Observations, London, Hawes [and others], 1775 


2. Hueper, W. ¢ Occupational Tumors and Allied Diseases, Springfield ! 
Ill., Charles C Thomas, Publisher, 1942 


3. Hueper, W. ¢ Environmental and Occupational Cancer, Supplement 209 


to the Public Health Reports, Federal Security Agency, Public Health Service, 


1048 


4. Downey, W. F Soot--A Commercial Product, Gen. Elec. Co. J. (British) 
November 1931, p. 13¢ 


5. Hueper, W. C.: Personal communication to the author 
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used the term in their publications to designate all types of commercial 
soots, such as gas black, oil black, bone black, acetylene black and lamp 
black—substances varying significantly in regard to particle sizes, 
acetone-soluble fractions and tar content." The present study is con 
cerned with the specific product of the American carbon black industry, 
the substance which has been the subject of annual review in the United 
States Bureau of Mines “Minerals Yearbook” 


during the present 
century. 


Commercial carbon black is an industrial soot composed of colloidal 
size carbon particles produced for some seventy years by the controlled 
incomplete combustion of natural gas, and in the last four vears, of oil 
residues. Over 1 billion pounds a year are utilized to make rubber 
compounds, printing inks, paints and lacquers.’ The material is of 
extremely fine particle size (about 30 to 20 microns *), a property indis 
pensable in rendering rubber for tires resistant to abrasion, and printers’ 


ink fine enough for the reproduction of photographs. To come into 


close contact with carbon black, it is only necessary to rub the thumb 
over a column of newsprint. A fine smudge of carbon black will be found 
on the newspaper and on the skin 

There are no published observations concerning the carcinogenic 
etfects of carbon black on human beings Hueper,’? citing Heller” as 
his source, did refer to the significant frequency of cancer in “a plant 
in Cleveland engaged in the manufacture of carbon black and dry battery 


cases. There had occurred over a period of ten years preceding this 


(Heller’s) survey a total of twenty-one cases of cutaneous malignancy 


in this establishment. Fifteen of these cases were caused from exposure 
to 


gas-works pitch, while four cases resulted from contact with coke 
oven pitch.” However, Heller actually spoke of “an industrial plant 
located in Cleveland” in which “imported English gas house piteh had 
been used for making carbon and in dry battery manufacture.” The 
“carbon” referred to by Heller is the name given to rods and _ plates 
made by calcining a molded mixture of lamp black, coke, light tar oil 


and medium coal tar pitch. Both authors were discussing the carcino 


genicity of tars and pitches; nowhere in Heller's work is reference made 
to carbon black, and the use of the term by Hueper is an example 


continental nomenclature.® 


of 


6. Mantell, C. L.: Industrial Carbon: Its Elemental, 
factured Forms, ed. 2, New York, D. Van Nostrand Company, Inc., 1946 


7. Minerals Yearbook, U. S. Department of the Interior, Bureau of Mines, 


Adsorptive, and Manu- 


1947 


& The Particle Size and Shape of Carbon Black. New York. 


Columbian 
Carbon Company Research Laboratories, 1940, vol 


9. Heller, I.: Occupational Cancers, J. Indust. Hyg. 12:169, 1930 
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DESCRIPTION OF THE INDUSTRY 


Historically, natural gas was the basic fuel of carbon black manu- 
facture which had its origin in the decade 1870-1880. Application of 
a continuous contact process of combustion to the rich gas wells of West 
Virginia resulted at the turn of the century in a demonstrated capacity 
for mass production of some 10,000 Ib. (4,500 Kg.) per day by a single 
plant. By that time carbon black ,had generally replaced lamp black 
in the manufacture of printing ink, an industry also undergoing enor- 
mous expansion, Owing to the development of the high speed press. 
The first world war gave impetus to an annual demand for some 30 mil- 


Fig. 1.—View of a typical channel plant, showing metal sheds, which house 
burning gas jets, and the conveyor system through which carbon black passes for 
final processing 


lion pounds of carbon black following the discovery of its indispensable 


value as a reenforcing agent in rubber.. In the middle twenties the 
thermal process was developed and in the same decade much of the 
industry, which has always been to a large extent migratory, began 
moving to the Texas Panhandle. About 1930 a third method, the 
furnace process, was found practicable. An estimated twenty-five fold 
increase in production of carbon black took place between 1920 and 
1946,° with an especially heavy demand for carbon black occasioned by 


World War IT. 
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A brief description of the three methods of manufacture is given 
here: 

Contact Process ——Natural gas is utilized as fuel, which is piped to 
rows of jets burning within sheet metal sheds (fig. 1). There is con- 
tinuous contact between each flame and a suspended metal rail-like 
“channel,” slowly moving to and fro. Stationary scrapers loosen the 
soot, which is collected, packaged and sold commercially as carbon black. 

Thermal Process.—Natural gas is also burned, but intermittently, 
within two intercommunicating furnaces, the interiors of which are 
honeycombed with bricks laid in “checkered” patterns. The brick sur- 


Fig. 2.—View of a typical furnace plant with furnaces in the foreground and 
processing apparatus in the background. Note that this plant is relatively free 
of environmental soot as compared with that shown in figure 1. 


faces within one of the furnaces are heated by firing of a mixture of 
gas and air. At an appropriate temperature the flaming gas air is 
diverted to the communicating furnace while natural gas without added 
air flows through the first furnace in contact with the hot brick surfaces. 
In alternating cycles, gas is first burned and then “cracked” into carbon 
black and hydrogen. Cracked gas is diverted into a cooling system in 
which sprays of water cool the gas stream, and the carbon black col- 
lects against bag filters. 

Furnace Process.—In the furnace process of carbon black manu- 
facture, gas or oil residues are burned under controlled conditions in 
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refractory-lined chambers. Approximately 50 per cent as much air as is 
required fer complete combustion is admitted to the furnaces. In a 


second or less and in the space of a few feet the carbon is made as a 


smoke of finely divided carbon particles at a temperature of 2200 to 


2600 F. In the conventional furnace plant (fig. 2) the smoke and com 


bustion products are piped through brick-lined flues to a cooler where 
water is sprayed into the gases to lower the temperature to 450 F. They 
then pass through the electrical fields of a Cottrell precipitator which 


causes the particles of carbon to agglomerate into larger aggregates 


that can be separated from the gaseous products in cyclone collectors 
The gases are vented at the top of the collector: the carbon black is 


removed at the bottom of the cyclone and is subsequently processed to 
the form in which it is sold 


METHODS 


AND 


PLAN OF INVESTIGATION 


Because 


factories producing carbon black are widely separated throughout the 


Southern United States, and because the kind of survey contemplated was a 
short term field study, a complete survey of the whole carbon black industry was 
judged impracticable. Sampling was necessary 


Criteria judged essential for the. sample if one was to obtain productive and 
significant results were 


(a) It should be sizable and comprise many hundreds of workers. preferably 


more than 1,000, since normal expectancy for new cases of cancer in a 


young adult population is hardly more than 1 or 2 per thousand per 
x sons per year.!° 


(b) It should be representative and include workers in furnace plants and 
channel plants. 


(c) It should be comprehensive The data should embrace all the workers 


in the sample. Practically speaking, this meant reliance on a comprehensive 


group insurance plan for case finding 


d) Any such insurance plan should be well established and should have been 


im operation tor at least ten years, preferably more 


rhe experience of a company operating m tiple units in Southwestern United 


States was selected for study because this company represented approximately 


one fourth of the mdustry (judged by the fact that its units produce 


approximately 


<-> per cent of this country’s total annual output of carbon black) and 


because 


it operated a group insurance plan with mortality data available 


covering a seven 


tecn yea period 


Phis decision made, a provisional plan of attack was drawn up, and the 


investigation was commenced in July 1949 at Pampa, Texas Early 


objectives 


were a working knowledge of industrial processes, familiarity with the location 


of plants and the constitution of the worker population, and a review of the 


group 


msurance plan and other sources of information These objectives were accom 


plished with the full and able cooperation of the director of safety and inst 


irance, 


10. Moshman, | 


Tennessee, ancer 


and Holland, A. H Phe Incidence of Cancer in Oak Ridge, 
7, 1949 
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and with the professional advice of the company’s medical adviser. Subsequently, 
the insurance data were analyzed, case finding clues followed up and plants visited 
in. order to obtain firsthand knowledge of working conditions. : 

All carbon black workers investigated were employed in furnace or channel 
plants, a majority of which were located in Texas, the minority in Oklahoma and 


Taste 1—Census of Populations Surveyed, July 1, 1949 
Males Females Tota! 
Shop workers and artisans. 
Special maintenance crews.... 
Gasoline plant workers 
Administrative staff 


Channel plant workers... 
Furnace plant workers 
Channel and furnace workers... 


Summation of data: 


Number 
Employees who were not carbon black workers, males... 353 
Employees who were not carbon black wo, 
administrative female employees viet 51 
Carbon black workers, males é 677 


1,085 


Taste 2—Yearly Payroll Census of Carbon Black Workers and Other 
Full Time Employees, Jan. 1, 1940 to Jan. 1, 1949 


Carbon Employees in 

Black All Other 

Year Workers Operations 
160 
371 
1942 


* 
207 
361 ™ 
1948 | 381 
452 
1945. 
1946 497 

147 
1948. 


163 
56 


* Estimated. 


Louisiana. This population (tables 1, 2, 3 and 4) is expectedly more heavily exposed 
to carbon black (figs. 1, 2, 3 and 4) than any other known in the United States 

The basic material for epidemiologic analysis was derived from claims made 
on the Aetna Life Insurance Company, Hartford, Conn. Since April 1, 1932, 
after ninety days’ service, all the employees of the company surveyed had been 
covered by a life insurance policy of at least $1,000, and all deaths had been 


recorded along with photostats of the death certificate. There is no reason to 
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believe that any death escaped reporting during this period, for the financial 
benefits were too great to be ignored by the worker's family. Mortality rates 
could therefore be determined with accuracy for the decade 1939 to 1949, after 
20 per cent of carbon black workers had been exposed to carbon black for five 
to mime years and an additional 12 per cent for ten to nineteen years (table 4). 


In addition to death claims, the permanent disability list was utilized as a means 


of case finding, and the present status of all persons who left industrial employ 


Tame 3—Male Employees Not Engaged in Carbon Black Production 
by Age and Years of Service as of July 1, 1949 


Years of Service 
17 Yr 
and 
Over Total 


Under 
2 


Total 
Taste 4.—Male Employees Engaged m Carbon Black Producti 
Age and Years of Service as of July 1, 1949 


Years of Service 


Total 


Potal 


with a permanent disability was checked. Of 11 so classified between 1939 and 
1949, 4 wer¢ found to have died; their death certificates have been verified, 
and the data concerning all of them are included with the other data reported in 
this study. 

Although claims for illness of less than one year’s duration prior to 1946 
had been destroyed as a space-saving measure, current claim files commencing 
Jan. 1, 1946, together with the carded results of annual physical examinations, 
made it possible to reconstruct the morbidity experience of cancer for the five year 
period trom -July 1, 1944 to June 30, 1949. It is likely that all persons with 
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detectable cancer developing during those years have been located, for the annual 
physical examinations should have recaptured for epidemiologic purposes those 
being treated privately, even if no monetary claim for disability had been made. 
Indeed, 1 such employee in whom cancer developed in 1945 was located by an 
annual physical examination record for the year 1946. 


TasLe 5.—Physical Findings (947 Employees), Spring 1949* 


IMagnosis Number 
Moles 
Sebaceous cysts 
Warts 
Contact dermatitis 
Lowalized keratosis 
Epidermopbhytosis 
Eezematoid dermatitis 
Fibroma 
Carcinoma, treated, manifested by healed scar 
Careinoma, grade 4, untreated 
Psoriasis 


Visual defects 
Pterygium 
Detached retina.. 


Ears. Carbon black and wax plugs 
Fungous infection 


Throat. Enlargement of tonsils 
Gums... Pyorrhea 


Mouth Leukoplakia 
Verruca 


Teeth... Caries 
Impaction or fractures. 


Lungs. Pulmonary rales (acute infection of respiratory tract) 


Heart. Systolic (funetional) murmur 
Systolie (organic) murmur 
Hypertension 


Abdomen Peptic uleer.. 
Gallbladder disease 


Genitourinary system Enlargement of prostate 
Albuminuria . 
Gilyeosuria 


* These findings do not include traumatie or orthopedic sears or defects, hernias or obesity 


t One biopsy specimen of a cireinate, raised patch on the neck showed ehronic inflamma 
tory changes. 


Before the examinations of 1949 were made, physicians were alerted to make 
them serve the specific purpose of a cancer survey in order to determine the present 
status of male employees. Positive findings were recorded on the employee's 
record. Nine hundred and forty-seven such records were studied, and the findings 
are consolidated in table 5. Three of the 4 living 


persons with cancer were 
examined personally. 


The fourth (case 6) was on vacation after just having 
been “checked over” by his family physician, who was interviewed 
tional method of cancer detection, advantage was taken of 
genologic survey being conducted by the state 


As an addi- 
a statewide roent- 
of Texas. All employees residing 
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Fig. 3.—Machine operator checking apparatus designed to remove gritty mate- 
rial from carbon black. 


Fig. 4—Workman operating a wet mix machine during the processing of 


carbon black. 
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in that state were urged to avail themselves of this opportunity to have them- 
selves examined for tuberculosis; for, as Overholt has emphasized, such screen 
ing is “a simultaneous and automatic method for detection of cancer of the 
lungs.” 1! More than 600, or about 85 per cent, of the Texan employees are known 
to have had roentgenograms taken of the chest 

The data revealed by all sources indicated were cross checked and authenti 
cated with information gained from employment records, death certificates and 
hospital records and by interviewing directly the physicians practicing in the 
localities visited. In this way the mortality and m rbidity rates to be reported 


in the following section were determined and 6 case histories assembled 


FINDINGS 


Mortality.—Accidents (table 6) account for 9 of the 26 deaths which 
occurred among all male workers of the company studied from July 1, 
1939 through June 30, 1949, during approximately 7,900 man-years 
of employment ?; 7 deaths were due to degenerative diseases: 6, to 
infections, and cancer accounted for 2, about 8 per cent of the total 
One of the 2 employees who died of cancer was a carbon black worker 
(case 1) and the other (case 5) was not 

The average number of male carbon black workers employed on a full 
time basis was 478 per vear during the ten years 1940 to 1949; the num- 
her of males employed in other operations averages 302.’ For each group 
of workers 1 death due to cancer occurred in ten years. The expectancy 
of deaths from cancer among the given number of workers with the age 
distribution given in tables 3 and 4, respectively, would be 1.62 deaths 
im ten years for the carbon black workers and 1.51 deaths in ten year's 
for the workers otherwise employed. The annual expectancy of death 
would accordingly be 0.34 per thousand carbon black workers and 
0.50 per thousand employees who were not carbon black workers 
(table 7). The difference in expected annual mortality of the two 
groups is occasioned by the difference in their age distribution. carbon 
black workers being younger than those otherwise employed. 

The importance of basing all death rates being compared on the 
actual age distribution of the populations under observation is demon- 


strated by the differences in expectancy for cancer in the three groups 


of workers analyzed in table 7. If their age distribution had been that 


of males in the whole United States in 1940, the expectancy of death 
from cancer for white males in both groups employed in the carbon 
black industry who were 15 to 69 years of age would have been 1.01 per 
thousand annually. The death rate of 0.78 per thousand per vear which 


11. Overhold, R. H., and Schmidt. [. ¢ Silent Phase of Cancer of the Lung, 
J. A. M. A. 141:817 (Nov. 19) 1949 

12. The figure just cited is based on data shown in table 2, with 0.6 per cent 
of the total carbon black population and 14.4 per cent of workers employed in 
other operations being deducted as probably comprising female administrative 
personnel (table 1) 
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was observed by Gafafer and Sitgreaves’* among workers in an oil 
refinery during the six year period 1933 through 1938 is directly com- 
parable to the rate observed in the present study. The age distribution of 
the oil refinery workers reveals them to be older than persons employed 
in the carbon black industry, so that the age factor alone accounts 


Taste 6.—Causes of 26 Deaths Among Male Carbon Black Workers and 
Other Employees, July 1, 1939 to June 30, 1949 


Oarbon 
Black All Other 
Cause of Death Workers Workers Total 
Violence: 
Accidents, public... ces 2 


Accidents, industrial........ 


WRAL... 


Infection: 
Pneumonia .... 
Neurosyphilis 


clowme 
wlwwe 


Degenerative disease: 


Myocarditis and coronary occlusion 
Cirrhosis of liver 


Total 


wleoe 


Neoplastic disease: 


Careinoma of 0 1 
Careinoma of stomach............. 1 0 


Grand Total 


Taste 7.—Expected and Observed Mortality from Cancer 
Among Males in Carbon Black Industry 


Annual Mortality 
Cases per Thousand 


Work Years Observed Expected Observed Expected * 
Carbon black workers i 4,780 1 1.67 6.21 0.34 


Employees who were not carbon 


black workers 8,020 1 1.51 0.33 0.50 


Oil refining workers '* 46 0.78 0.88 


* The figures are based on 
United States in the year 1940.'¢ 


age-specific mortality rates for cancer among males in the 


satisfactorily for the different mortality rates observed among the three 
groups shown in table 7. 

These death rates contrast sharply with a death rate from cancer of 
4.17 per thousand per work year observed among chromate workers by 


13. Gafafer, W. M., and Sitgreaves, R.: Disabling Morbidity and Mortality 
from Cancer Among the Male Employees of an Oil Refining Company, Pub. 


Health Rep. 55:1517, 1940 
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Machle and Gregorius.'* The production of chromate involves a recog- 
nized hazard of cancer,’® and the given death rate is based on the occur- 
rence of 42 deaths from cancer of the respiratory system among an 
average population of about 1,000 employees during approximately 
11,000 work years. The annual death rate from cancer of 4.17 per 
thousand employees exposed to chromate exceeds expectancies for all 
age groups in the United States Registration Area under 60 years of 
age in 1940.*° 

Morbidity.—A new case of cancer of the stomach (case 1) was dis- 
covered among carbon black workers in 1945 and a new case of cancer 
of the skin developed in each of the two years 1945 and 1948 (cases 2 
and 3). During the five year period July 1, 1945 through June 30, 1949 
3 new cases of cancer were observed among an average yearly popula- 
tion of 592 male carbon black workers, and 3 new cases (4, 5, 6) were 
observed among an average yearly population of 346 male employees 
who were not carbon black workers. 


Taste 8—Expected and Observed Morbidity from Cancer Among 
Males in Carbon Black Industry 


Annual Morbidity 
Cases per Thousand 


Work Years Observed Expected Observed Expected 
Carbon black workers......... 2,960 3 2.4 1.01 Os 


Pmployees who were not carbon 
black workers 


1, 7H 1.97 1.73 


The observed morbidity (new cases of cancer) among the two groups 
of workers is compared in table 8 with the expected morbidity based 
on data reported from Oak Ridge, Tenn.,‘° where the age-specific 
incidence rate for males is given in a comparatively large population. 
Utilizing these incidence rates and the age distributions of tables 3 and 4, 
one computes the expectancies of table 8. 

Thus the total expectancy for both carbon black workers and those 
otherwise employed is 4.61 cases of cancer during 4,690 work years of 
observation. This number does not deviate significantly from the actual 
numbers (6) of cases observed. It is reasonable to conclude that 
exposure to carbon black, even that extending over many years, does 
not measurably influence cancer mortality or morbidity. If the incidence 
had exceeded expectancy, it would have been pertinent to analyze the 
occurrence of cancer in relation to length of exposure to carbon black. 
This would have been possible on the basis of the data on service age 


14. Machle, W., and Gregorius, F.: Cancer of the Respiratory System in the 
United States Chromate-Producing Industry, Pub. Health Rep. 68: 1114, 1948 

15. Hueper.2 Machle and Gregorius.'* 

16. Sixteenth Census of the United States, 1940, United States Department of 
Commerce, Bureau of the Census, 1943 
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presented in tables 3 and 4, but since no excess deaths were observed 
such an analysis is superfluous. 


REPORT OF CASES 


1, Carcinoma of the stomach in a carbon black worker: Year of onset, 1945 
year of death, 1946. Age at onset, 45; age at death, 46. Years of employment, 11 

This man was first employed by the company in 1927 and was exposed to 
carbon black as a channel plant worker until separated in 1939 because of rheuma- 
toid arthritis. He was granted permanent disability compensation and was con- 
fined to his home for many years, on crutches. Signs of intestinal obstruction 
developed in 1946, and the subject died in the same year. Roentgenologic studies 


before death revealed a fungating type of carcinoma of the stomach 


2. Basal cell epithelioma of the upper lip in a carbon black worker: Year of 


onset, 1945; age at onset, 42; years of employment at onset, 3. This man was 
first employed as a channel black worker in 1942. Late in 1945 he noted for 
the first time a tumor on the upper lip, which grew in size until it was removed 
by electrocoagulation in February 1946. Roentgen ray therapy was given over 


the area when the diagnosis of carcinoma was established. The patient has con 
tinued to work as before with no recurrence as of July 1949 


3. Basal cell epithelioma of the skin of the forehead in a carbon black worker: 
Year of onset, 1948; age at onset, 41; years of employment at onset, 5. A light 
complexioned, freckled, reddish-haired man was first employed as a channel black 
worker in 1943. In October 1948 a small papule on the forehead was noticed. 


which grew rapidly until it measured 6 by 7 mm. in diameter. Roentgen ray ther 
apy was given in October 1948, and there was no recurrence nine months later 


4. Cancerous melanoma of the skin of the left arm in an employee who was 
not a carbon black worker Year of onset, 1947; age at onset, 54: years of 
employment at onset, 14. 

Since 1942 this employee had worked continuously 


with no significant exposure to carbon black 


as a designer and draftsman 
An ulcerating growth developing 
irom a preexisting mole was first noticed during an 


annuai physical examination 
early m 1947, 


Two roentgen ray treatments were given, after which the lesion 
was excised in September 1947. Histologic examination revealed many nests of 
nevus Cells actively invading the surrounding tissues. Prognosis was guarded, 
but there had been no recurrence a year later 
5. Bronchiogenic carcinoma in an employee who was not 
worker: Year of onset, 1948; age of onset, 48: 
\n area superintendent had had 


beginning m 1943 


a carbon black 
years ot employment at onset, 4 


osteomyelitis of the right jaw for six months, 
The infection improved when carious and necrotic teeth were 
removed, After a few years of comparative well being the patient noticed dizzi 
ness, weakness and cough in July 1948. A roentgenogram of the chest showed a 
cancer of the lungs compressing the superior vena cava. Death occurred shortly 
afterward, and no autopsy was performed 


6, Basal cell epithelioma of the skin of the left temple in an employee 
not a carbon black worker: Year of onset, 1948: age at 
employment at onset, 1. 


who was 


onset, 41; years of 


This light complexioned, freckled, red-haired man was first employed as a 


tool room clerk in 1947. His father, aged 66, had recently been treated for carci- 
noma of the skin of the forehead The patient had served twenty-one years ir 


the United States Navy and had spent the five 


years prior to employment in the 


tropics, mostly in Espirito Santo (Brazil) During the annual physical examina 
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tion of 1949 he was noted to have a “probably epithelioid, early carcinoma, skin 
ot the left temple.” This lesion was treated by roentgen ray, and after application 
of 3,000 roentgens it disappeared. 


COMMENT 

No previous epidemiologic studies have been published on the inci- 
dence or prevalence of cancer among workers exposed over a period of 
years to carbon black or other industrial soots. In the company sur- 
veyed, neither the death rate from cancer of 0.21 per thousand male 


employees per work year, the 2: 1 ratio of living patients to deaths, nor 
the distribution of the cases of cancer among carbon black workers and 
emplovees who were not carbon black workers suggests that cancer 1s 
occurring with unexpected frequency among carbon black workers or in 
relation to particular occupations within the industry. On the contrary, ; 
the experience of carbon black workers is distinctly favorable as judged 
by a comparison of their experience and that of the general population 
and that of two comparable industrial groups 

Except for the 3 cases presented here, no other clinical observations 
are known relative to cancer among workers engaged in the manufacture 
of industrial soots, such as lamp black, bone black or acetylene black. 
Reports of clinical cases of cutaneous cancer thought to have been induced 
by continued exposure to soot * have dealt wholly with the experience 
of laborers exposed to chimney soots. Hueper pointed out the striking 


discrepancy between the prevalence of chimney sweeps’ cancer in Eng- 
land and that in all other countries. This he ascribed to a concatenation 
of chemical, technical, architectural and social circumstances. Leitch ** 
suggested that the most important of these causes has to do with the 
tar content of bituminous hard coal mined in the midlands of England. 


Pursuing this line of reasoning, Kennaway found that combustion of 
coal with an original tar content in the neighborhood of 1 per cent pro- 
duced soots with tar contents upward of 25 per cent \ccording to 
Hueper, the evidence indicates that “the chemical composition of the 
coal used as well as the production of a soot rich in tar represent the 
main causative factors, and account for the high incidence of this indus- 


trial neoplasm among the chimney sweeps of England and Wales.” 


Hueper also stres +s the importance of the socioeconomic and industrial 


environment as a causative factor of chimney sweeps’ cancer He 


quotes vivid descriptions of the pitiful life and the abominable work- 
ing conditions of children, many of whom were first apprenticed as 
sweeps at 4 or 5 years of age: 

They came from the poorest social class and were often sold into this work 
by their parents. Ill fed, badly dressed and miserably treated, they had for 


17. Leitch, A.: The Causes of Cancer, Brit. M. J. 2:1, 1923; 2:943, 1924 
18. Kennaway, E. L The Anatomical Distribution of the Occupational 
Cancers, J. Indust. Hyg. 7:69, 1925 
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bedding not infrequently only the bags which they had filled with soot. It is 
quite obvious that children of such a tender age and coming from a social stratum 
where personal cleanliness cannot be expected to be a well-developed habit could 
not be expected to have the urge to free their bodies from the soot at the end 
of a day's work even if washing facilities had been available to these poor 
creatures. 


It is hardly reasonable to equate this kind of exposure with that 
encountered by the workman in the modern carbon black industry where 
a shower bath and a change of clothing come at the end of every work- 
day. Likewise, it is unjustifiable to infer that a soot containing less 
than 0.25 per cent total acetone-soluble organic residue '* is carcinogenic 
solely because the bituminous soots of England and Wales, with 25 to 
40 per cent tar residues, which yield 300 mg. of benzpyrene per kilo- 
gram,*° may produce neoplastic changes after prolonged caking on the 
intertriginous skin. The question whether an industrial hazard of 
cancer exists in the manufacture of commercial soots is a different 
matter from the question whether the chimney sweep undertakes such 
a risk by following his trade. The available clinical and epidemiologic 
evidence indicates that the carbon black worker faces no more than the 
ordinary risks of cancer encountered by other groups of the male working 
population. 

SUMMARY AND CONCLUSIONS 


A study was made to determine whether an industrial hazard of 
cancer does or does not exist in the manufacture of carbon black, a com- 
mercially produced form of soot. In acompany employing on the average 
476 carbon black workers annually, 1 man died of cancer of the stomach 
during a ten year period, 1939 to 1949, and cancer of the skin developed 
in 2 other employees during a five year period, 1944 to 1949. 

The observed death rate from cancer among carbon black workers, 
0.21 per thousand per work year, is low as judged by rates observed 
among other comparable groups of the industrial and general popula- 
tion. The morbidity rate of 1.0 new case annually per thousand work- 
ers per work year is likewise low and no higher than expectancy. 

The available clinical and epidemiologic evidence indicates that the 
carbon black worker faces no more than the ordinary risks of cancer 
encountered by other groups of the male working populations. 
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19. Dropin, I.: Effects of Carbon Blacks on the Viscosity of Rubber, in the 
Proceedings of the Second Rubber Technology Conference, Cambridge, England, 
W. Heffer & Sons, Ltd., 1948, p. 387. 

20. Goulden, F., and Tipler, M. M.: Experiments on the Identification of 
3:4 Benzpyrene in Domestic Soot by Means of Fluorescence Spectrum, Brit. 
J. Cancer $:157, 1949. 
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TOXICITY OF CADMIUM SULFIDE AND CADMIUM 
SULFOSELENIDE PIGMENTS 


J. L. GABBY, MS 
Nutrition Research Chemist, Research Laboratories, Soya Products Division, The Glidden Company 
CHICAGO 


HE QUESTION of toxicity of certain cadmium pigments has come 
up from time to time with respect to certain calcined cadmium 
lithopones known in the trade as cadmoliths* and calcined cadmium 
selenium lithopones known in the trade as cadmolith*® reds, as manu- 
factured by the Chemical & Pigment Company at St. Helena, Baltimore 
Because technical literature has contained various references to the 


toxicity of certain soluble or partly soluble selenium compounds, it seems 


logical to question whether the cadmium lithopones, since they contain 
compounds of cadmium, sulfur, barium, zine and selenium, might also 
be toxic. They are termed lithopones because the process of manufac- 
ture follows somewhat the general line of that pertaining to lithopone and 
also because of the presence of barium suliate as an intimate admixture.* 
While numerous statements made about the toxicity of various cadmium 
compounds are unsupported by scientific data, it is reasonable to assume, 

1. C. B. Gnadinger (Insecticide Material for Controlling Red Spider, Indust 
& Engin. Chem 25:633, (1933) shows that 4 to 6 mg. of sodium selenite per 
kilogram of body weight is usually fatal to mammals. Sodium selenate is about 
half as toxic as the selenite, and colloidal selenium is somewhat less toxic than 
either. Painter, E. P.: The Chemistry and Toxicity of Selenium Compounds, 
with Special Reference to the Selenium Problem, Chem. Rev. 28:179, 1941. Prodan, 
L.: Cadmium Poisoning: Experimental Cadmium Poisoning, J. Indust. Hyg. & 
Toxicol. 14:174, 1932. Prodan, L.: Cadmium Poisoning, Indust. Med. 2:181, 
1933. 

2. Careful studies of the composition of the cadmium red lithopones have 
been made for the Chemical & Pigment Company, by the Battelle Memorial 
Institute, Columbus, Ohio. These studies, based on examination of roentgen 
ray diffraction patterns and also electron micrographs, show that cadmium, sulfur 
and selenium exist in a definite crystalline structure as cadmium sulfoselenide of 
varying selenium content, which is intimately admixed with barium sulfate—thus 
establishing that these pigments consist of two separate phases, barium sulfate 
and cadmium sulfoselenides. The cadmium sulfoselenides themselves are solid 
solutions of X (CdSe) . Y (CdS). The sulfoselenide portion of each of the 
cadmium red lithopones examined possessed identical diffraction patterns except 
for the shift in line position caused by the different quantities of selenium present 
The barium sulfate is not a part of the crystal structure. It is probable but not 
proved that the yellows are similar two phase mixtures 
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in the case of selenium at least, that the soluble selenium compounds are 


likely to be toxic. Insoluble selenium and cadmium compounds should 
he less toxic or nontoxic. 

Knowing that the solubility of cadmolith* and cadmium red lithopones 
described was extremely low (see later data on analyses of pigments 
used), my associates and I first fed one young rat on a diet consisting 
in 10 per cent of cadmolith® red (deep), a cadmium red lithopone which 
contains selenium in the form of cadmium sulfoselenide, and 90 per 
cent of ground purina* dog chow, which we use as a stock diet. This 
one animal lived for a period of thirty-four days on this diet exclu- 
sively when supplied with distilled water. On calculating the meager 
data from the one rat it was found that it required the ingestion of 13,073 
mg. of selenium over a period of thirty-four days to cause death, while. 
as stated in the literature, it would require only 1.83 to 2.74 mg. of 
selenium in the form of sodium selenite to cause death in the same size 
rat in a relatively short time. 

From this original rat we planned the rest of our experimental work. 
We decided first to try to find the amount of pigment that could be 
tolerated by adult rats without any ill effects. As the results reported 
here will show, the effects of rather large doses are almost negligible. 

The second step was to determine the effect on growth of young 
rats. Here again the effects were slight. 


EXPERIMENTAL PROCEDURE 


Inimals 


Throughout this series of tests we used rats from our regular piebald 
colony for which we use a diet of purina® dog chow 


lettuce 


supplemented with fresh 


Housing.—Each test animal was kept in an individual cage with a raised screen 
floor. The room in which the animals were kept is completely air conc 
maimtamned at a temperature of 76 to 78 F. with a relative 
per cent 


litioned and 
humidity of about 50 


Feeding and Watering.—Feed was kept before the animals at all times, and 


caretul records of the amounts consumed were kept. Distilled water was also kept 
before the animals at all times in fountain type water bottles 
Diets-—In all tests the diets were made by mixing the desired amount of the 
proper pigment with finely ground purina® dog chow rhis particular diet was 
selected because it is a mixture of many ingredients which might be 


compared with 
a normal diet for other mammals 


Kecords.—Records of the amount of food consumed by each rat were kept 
throughout each test. The weight of each animal was recorded three times each 
week during the test periods. 

Description of Pigments Used.—The experiments involve the use of five differ 
ent pigments, three yellow pigments being cadmium lithopones and two red | 
being cadmium sulfoselenide lithopones, all as manufactured by the 


Pigment Company. The cadmoliths® and cadmolith® 


igments 
Chemical & 
red lithopones have enjoyed 


wide and increasing use for a variety of applications since they were first developed 


and made available for sale in this country about twenty years ago. No known 
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instances of toxicity of these pigments have been encountered, either in their manu- 
facture or in their use. In the manufacture of these pigments, the physical prop- 
erties of color, opacity and inertness that give them their valuable characteristics 
of permanence and resistance to the action of acids and alkalis and of heat are 
developed by calcining them at high temperatures. This calcination renders the 
pigments highly insoluble. These pigments, both the yellows and the reds, have 
been considered as chemical compounds and not as mechanical mixtures. Recent 
work on the reds has shown them to be two phase mixtures of cadmium sulifosele 
mde and barium sulfate. Primrose and lemon cadmolith® have the approximate 
formula (ZnS CdS . BaSO,) and golden cadmolith® (CdS . BaSO,) 


d Cadmolith® 
reds, medium and deep, are represented by the formula (CdS Se BaSO, 

Although they can in no sense be regarded as mixtures of the components, the 
chemical analysis of each can also be expressed in terms of components 


in table 1 


as shown 


Taste 1—Analyses of Pigments Experiments 


Cadmolith * primrose 
Cadmolith* lemon 
Cadmolith* golden 
OCadmolith * red (medium 
Cadmolith * red (deep 


* Regirtered trade 1 


2 fdult 


Food ig Selenium 
Pigment in Diet in Consumed , Consumed 
Concentration n Me 
Cadmolith* golden 0 
Cadmotith * red (deep 
Cadmolith * red (med 
Cadmolith* lemon 


Cadmolith * primrose 
* Registered trade name 


Analysis of Pigments l'sed.—During the of these experiments five dit 


ferent pigments were used. The analyses are in table 1. These analyses were 


furnished by Mr. James J. O'Brien and M1 Rhodes, research director and 


manager, respectively, of the Chemical & Pigment Company 


EXPERIMENTAL DATA 


First Experiment.—This experiment was se o try to find the amount of 


each of these pigments that could be ingested by an adult animal without ill effects 


The data obtained in this test are presented in table 2. Each test group consisted 


of 2 male and 2 female animals. The test period was fourteen days in length 


\ discussion of these results will be presented later in this report. Let it suffice 
to say at this point that those pigments which contained selenium produced more 


3. Considerable additional detailed analytic data concerning this class of pig 


ment are available from the manufacturers. Similar and complete data likewise 


are available from the reports of the work cited in footnote 2 


+ 
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effects than those which did not. This gives the basis for the second series of 
experiments, 


Second Experiments—In an attempt to equalize the effects of the two types 
of pigments, we ran another series of adult rats using the same size groups of 
animals but a longer test period, twenty-five days, and different percentages of 
pigments 

Although the results of this test did not give the exact answer we hoped for, 
conditions the same as those found in the previous test seemed to prevail. It 
was noted from individual growth curves of the animals on this series of tests that 
those ingesting the cadmium red pigment lost considerable weight at the start of 
the test and then gradually gained back most of the lost weight during the test 
period 

Third Expervment.—Since the adult animals showed such slight symptoms of 
toxicity from these various pigments we decided to check the effect of the pigments 
on growth of young animals. 

These pigments are frequently desired in making up colored enamels for 
children’s furniture; so this test on young animals seemed even more important 

Red and yellow pigments for writing chalk are also in demand. Pigments 
such as those being tested would be very desirable if sufficiently nontoxic. 


TasLe 3.—Data on Twenty-Five Day Test Using Adult Animals 


Food Pigment Selenium Gain in 


Consumed, Consumed, Consumed, Weight, 

Pigment in Diet, % Gm Gm. Mg. Gm. 
Oadmolith * lemon, 32.86 0 Plus 23.5 
Cadmolith* golden, ¥% 1.24 0 Plus 6.8 ¢ 
Cadmolith * primrose, 8% 32.9 0 Plus 13.7 
Cadmolith * red (med.), 3% 337 10.1 $2] Minus 6.6 
Cadmolith * red (deep), 3% 9.56 MT Minus 6.0 


* Registered trade name. 

+ (me rat in this group broke both upper incisor teeth by getting caught in the cage. This 
caused a setback in this one rat, but because of the good general condition after the accident 
the animal was included in the test 


For all these reasons we started a series of tests using weanling rats at 22, 
plus or minus 1, days old. These were divided into groups of 10 animals, 5 males 
and 5 females. The size of our rat colony and the number of groups desired forced 
us to run this series at two different times. This resulted in slight differences in 
starting weights, but each series was accompanied by a control group which 
assists in ruling out this possible discrepancy 

We wanted to use varying levels of pigments in several groups; so we selected 
just two pigments for this series, one with and one without selenium. We selected 
cadmolith® golden as the one not containing selenium and cadmolith® red (deep) as 
the selenium-containing pigment. 

As the series was being set up, it was decided to divide the experimental period 
into two twenty-four day tests. This gave a measure of the effects during early 
life and during most of the rest of the period of active growth. 

Four levels of pigment were selected, 0.1, 0.25, 0.5 and 1.0 per cent. These 
were chosen because of the results obtained in previous tests and because of some 
comparisons we thought might be valuable. These comparisons will be presented 
with the comment on results later on in this report. 

The mass of data obtained on 100 rats over a forty-eight day period is con- 
siderable when we consider that records were kept for each rat individually. Tri- 
weekly weighings of each animal were made. Nothing of importance can be 
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noted from the growth curves of these animals since there was so little difference 
in any of the groups. For this reason the growth curves are being omitted from 
this report. Food consumption records were kept throughout the test. Constant 
watch was kept throughout the test for any symptoms which might indicate any 
ill effects from the diets. There was not a single case in which any symptoms were 
observed. 

The data collected are presented in table 4. 


Taste 4—Data on Growth Test Using Young Animals 


Food Pigment Food per Food Pigment Food per 


Consumed Consumed Gain Gm. Gain Consumed Consumed Gain . Gm. Gain 
Ist 24 1st 24 in lst 24 lst 24 2d in 2d 2d Weight 
Duys, Days, Days, Days, Days, Days, Days, Days, -— ae 
Pigment in Diet, % Gm. Gm. Gm Gm Gin am Gm Gm Original Fina! 
Cadmolith * red (deep), 6.1% 322 0.2 lil 2.40 49 6.42 a4 246 
Cadmolith * golden, 6.1% 312 0.31 24 v2 0.39 4 af 237 
Cadmolith * red (deep), 0.2%. OS 1lé 2.91 0.86 79 6.23 231 
Cadmolith * golden, 0.25% OM 113 2.97 1.11 5.14 252 
Cadmolith * red (deep), 0.5%. 1.51 100 1.6 ‘7 256 
Cadmolith * red (deep), 1.0%.. ae 2.92 8} 49) 51 227 
Cadmolith* golden, 331 3.31 110 4.10 “2 51 243 
Control for groups on 0.1 and 
0.5% pigments owe 308 0 106 29) 0 4.0 4s 237 
Control for groups on 6.25 and 
1.0% pigments 338 0 11 “rn 0 7? §.21 


* Registered trade name. 


Tasie 5.—Further Data on Growth Test 


Rate of 
Pigment 
Consump 
tion in 


Grams per 
Total Average Kilogram 
Pigment Daily of Body 
Originai Final Average Consumed Pigment Weight 
Pigment in Diet, % Weight Weight Weight in 4s Days Consumed per Day 
Cadmolith * red (deep), 6.1% 47 246 146 0.74 0.015 6.108 
Cadmolith * golden, 0.1%........ 237 M4) 0.7 6.108 
Cadmolith * red (deep), 6.25% 5 251 - i 0.085 0.228 
Cadmolith * golden, 0.297% 252 12 1.95 0.041 0.269 
Cadmolith * red (deep), 0.5% 151 LAT O.M2 0477 
Cadmolith* golden, 6.5%... 4“? 236 0.073 0.517 
Cadmolith * red (deep), 1.0% we 0.143 1.080 
Cadmolith* golden, 1.0% 51 M7 0.173 1.18 
Control for groups on 6.1 and z 
0.9% pigments ‘ “ss 237 142 0 0 0 
Control for groups on 0.25 and 
10% plements x 24) 147 0 0 0 


* Registered trade name. 


From the data presented in table 4 there are certain things which should be 
pointed out in particular, as well as some combinations of the data as presented 
for the two test periods which should be presented for the whole period 

These combinations and comparisons are to be found in table 5 


COMMENT ON RESULTS 
First Experiment.—On examination of the results as set forth in 


table 2, there are three outstanding sets of figures: the difference in 
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the amount of food consumed, the difference in body weight change and 
the amount of selenium ingested 

There is a direct relationship between the amount of food eaten by 
rats fed the various pigments and their changes in body weight, par- 
ticularly when note is taken of the amount of selenium consumed. 

From these results it appears that the selenium-containing pigments 
tend to reduce the appetite of the animals which are forced to subsist 
on such a ration, 

\t no time during the test were any adverse symptoms noted in any 
of the animals except that those ingesting the selenium pigments did 
not seem to relish their feed as did the other animals; hence their food 
consumption was smaller. 

Second Experiment.—Using the same technic as in the first series 
of experiments, except that the length of time was somewhat longer and 
the amounts of pigments were varied, we obtained very similar results. 

rhe amounts of selenium-free pigment introduced into the feed 
seem to make little difference to the animals. Raising the percentage 
from 5 per cent as in the first experiment to 8 per cent in this series 
resulted in essentially no change. The average daily food consumption 
of all rats on the selenium-free pigments during the first test was 17.7 
(rn., while in the second test, with & per cent pigment, the average 
was 15.98 Gm. This is a slight decrease in food consumption which 
is accompanied by a slight decrease in weight gain 

\ similar comparison with the groups getting the selenium- 
containing pigments shows that with a drop from 5 to 3 per cent the 
daily food consumption rose from 12.0 to 13.1 Gm., with a comparable 
difference in weight change. 

From these first two tests it is apparent that the most serious symp 
tom noted was a loss of appetite, which varied inversely with the amount 
of selenium-containing pigment in the diet 

Third Experiment-—From the results obtained in the first two tests 
it was apparent that the toxicity was very low if any actually existed 


Red and yellow are two colors which have special appeal for chil 


dren. These colors should be valuable as pigments for enamels and 
paints for baby cribs, toys, etc. Likewise, such pigment would be 


valuable as colors for writing chalk if they are nontoxic. 

With these ideas in mind we made some calculations regarding the 
possible amount of pigment a child might consume under very strenu 
ous conditions. 

\ssuming that it would require about 10 0z. (283.5 Gm.) of paint 
to cover a baby’s crib and that this paint contained about 5 per cent 
pigment, then we would have about ™% oz. or 14 Gm. of pigment on 
a baby’s crib. 
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Next, assuming that a child weighing 10 Kg. (about 22 lb.) could, 
by persistent effort, eat the paint off the entire interior of the crib in 
six months, we arrive at the figure of 7 Gm. of pigment in six months’ 
time. Calculating this on the basis of grams of pigment per kilogram 
of body weight per day, we obtain a rate of consumption of 0.004 Gm. 
per kilogram per day. 

In the absence of a better means of etfecting the transition from the 
results observed in connection with rats to the probable effect on human 
beings, we have used the following basis of reasoning : 

Assuming that a rat grows at a rate thirty times as fast as the 
human subject, we may deduce that the amount of pigment consumed 
by a child in a month would have to be consumed by a rat in a day. 
Since six days is a short period of time even for a rat, we extended the 


TABLE 6.—Summary of Results in Young Rats and Hypothetic Children 
Subject Pigment Rate of Consumptior F flects 
Young rate...... és Cadmolith * red 0.108 Gm. per kilogram per day None 


Young rats Cadmolith * golden 0.108 Gm, per kilogram per day None 
Young rats. Cadmolith * red 22s Gm. per kilogram per day None 
Young rats Cadmolith * golden 0.280 Gm. per kilogram per day None 
Young rats Cadmolith * red 0.477 Gm. per kilogram per day None 
Young rats Cadmolith * goiden 0.517 Gm. per kilogram per day None 
Young rats. Cadmolith * red 1.08 Gm. per kilogram per day Depression 
of appetite 

Young rats Cadmolith * golden 1.18 Gm. per kilogram per day None 
Hypothetie paint 

eating baby 0.116 Gm. per kilogram per month 
Hypothetie chalk 

eating child 1&3 (im. per kilogram per month 


* Registered trade name. 


duration of test to four times this calculated period and then to eight 
times, and used a range of pigment concentrations to include amounts 
much higher than those calculated from the foregoing assumptions. 

On this basis we see that the rate of the child's consumption of pig- 
ment would be 0.116 Gm. per kilogram per month. A glance at table 5 
shows that the rates at which the rats consumed pigments varied from 
0.103 to 1.18 Gm. per kilogram per day over a forty-eight day period. 

As in previous tests, the only noticeable symptom was a lowering 
of the appetite at the highest level of pigment and then only with the pig- 


ment which contained selenium. This is shown effectively by the 
figures in table 4, where the food consumption of the animals given the 
diet containing pigment was lower than that of any of the others, but 
the efhciency of the diet when expressed in grams of food consumed 
per gram of gain is the same as for all other diets. Since the two 
groups of controls varied in efficiency from 2.91 to 3.06 Gm. of feed per 


gram of gain, we find all of the test groups lying within this range 
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Turning next to a child in school who would be handling chalk, and 
assuming that a child weighing 20 Kg. (about 44 lb.) would eat one 
stick of chalk every day, we observe that he would consume about 
1.86 Gm. of pigment per day. This figure is based on the facts that 
a piece of chalk weighs about 5.6 Gm. and contains approximately 
33.3 per cent pigment. 

On this basis the rate of pigment consumption would be 0,093 Gm. 
per kilogram per day. If we assume that the child eats a stick of chalk 
every day he is in school and that he goes to school twenty days out 
of every month, we find that his rate of consumption is 1.83 Gm. per 
kilogram per month. 

The foregoing work is summarized in table 6. 

If we were to fill in the two question marks in table 6 on the basis 
of the previous findings, we should have to say that probably no 
effects would be noted in the case of the hypothetic paint-eating baby. 
In the case of the hypothetic chalk-eating child we should have to say 
that if the chalk contained cadmolith® red pigment we might observe a 
slight depression of appetite, while the cadmolith® yellow pigments would 
probably give no effect. : 
SUMMARY 


A study of the toxicity of cadmium sulfide and cadmium sulfo- 
selenide pigments made with piebald rats as test subjects is presented. 
Using two hypothetic cases of children who might consume these pig- 
ments either in paint or in chalk in fairly large amounts each day over 
extended periods and making comparisons with the data obtained on 
rats, we can deduce the following : 


1. If a baby consumed all the paint from the inside of its crib once 
every six months over a period of several years, the effects of the pig- 
ment might be considered negligible by virtue of our animal studies. 

2. If a child ate an entire stick of chalk containing 33.3 per cent of 
one of the pigments every day he attended school over a period of 
several years, we might assume from our animal studies that no ill 
effects would be noted if the chalk contained cadmium sulfide pigments 
but that there might be a slight depression of appetite if the pigment 
contained selenium. 

In the studies using rats it was found that 1 per cent or more of 
the pigments containing selenium which were ingested in the diet caused 
a depression of appetite that could probably be attributed to taste aver- 
sion but that it did not decrease the efficiency of the food consumed. 
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Correspondence 


THE MATTER OF LABELING HAZARDOUS CHEMICALS 

To the Editor:—We have read with great interest the article, “Carbon Tetra 
chloride Poisoning,” by W. D. Norwood, P. A. Fuqua and B. C. Scudder, pub- 
lished in the Arcuives or INpustRIAL Hycigne anp OccupaTionaL MEDICINE 
(1: 90-100 [Jan.] 1950). 

In that article the authors comment on a label which was recommended by 
the Labels and Precautionary Information Committee of the Manufacturing 
Chemists’ Association, Inc. of the United States and was accepted for use in 
the “Surgeon General's Agreement on Labeling of Chlorinated Hydrocarbons.” 
It is quite understandable that, having seen a number of cases of acute injury and 
death from one particular chemical, the authors should advocate a greater emphasis 
on the health hazards involved in the use of that chemical. In doing so, however, 
they have overlooked certain important factors inherent in attempts to establish 
a practical and uniform scheme of labeling of the great variety of chemicals used 
in industry in the United States. We think it important to comment on some of 
these factors. 

First, the “agreement drawn up in 1935 between the United States Public 
Health Service and manufacturers of carbon tetrachloride” is not an agreement 
having any force of law behind it. It is not “the only attempt which has been made 
at a federal level to regulate the sale and distribution of carbon tetrachloride.” 
It is purely a gentlemen's agreement between certain manufacturers and marketers 
of carbon tetrachloride and the Surgeon General of the United States Public 
Health Service, entered into voluntarily because it is realized that carbon tetra- 
chloride is a hazardous chemical. The agreement was intended essentially to cover 
the industrial use of the chemical and does not imply any control of the marketing 
of carbon tetrachloride in containers smaller than 15 oz. (443.5 cc.) by those who 
choose to buy it in industrial quantities and distribute it in smaller containers to 
the general public. However, there is nothing in this or any other agreement to 
prevent vendors of containers of carbon tetrachloride smaller than 15 oz. from 
properly labeling such containers 


In none of the cases cited by Dr. Norwood and his co-authors is there specific 
evidence that the containers used either in the home or in offices or in industry 
were not labeled. One of the greatest difficulties facing those concerned with the 
labeling of chemicals is that even an intelligent person, in a majority of cases, 
opens the package without reading the label, and indeed, quite frequently, never 
reads the label until he gets into trouble. It is quite probable that the container 
of carbon tetrachloride from which the janitor (case 1) took a gallon for mopping a 
floor was labeled. It is quite probable that the container of carbon tetrachloride 
used by the employees of the contractor during a degreasing operation, as 
quoted on page 96, was labeled. In fact, it is stated that “positive pressure 
air masks were supplied to operators where exposures might be excessive “ 
This implies that the contractor or his agents knew of the hazard of carbon tetra- 
chloride. Nevertheless, apparently, they did nothing to control the use of this 
solvent or to maintain the atmospheric concentration at the level of 100 p.p.m., 
which is the recommended maximum allowable concentration in many states of 
the Union, much less at the level of 50 p.p.m., which is recommended in such states 
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as Wyoming and such cities as Detroit. No amount of labeling of a container 
will eliminate negligence in degreasing operations 


Finally, as to the principles of labeling: If an adequate, practical system of 


labeling of industrial chemicals is to be developed and applied in the United States, 


the system as a whole must recognize that there are differences in degree of hazard 


trom chemical to chemical. Therefore, the intensity of the warning given in the 


label, which, after all, cannot contain a full toxicologic exposition of the situation, 


must be based on the relative hazard that a given compound affords in relation- 


ship to other toxic compounds. To label all compounds “poison” is merely to cry, 


Wolf! Wolf!,” and to have the cry eventually unheeded, a result which completely 


defeats the whole labeling program. 


In the suggested revision of the label, Dr. Norwood and his co-authors include 
the following statements : 


“One teaspoonful taken by mouth may be fatal. The fumes from 


one cupful breathed in a poorly ventilated place may cause death.” 


In the text on page 99 they state, “ according to Cairns, 1 teaspoon (2 to 
4 cc.) may constitute a fatal dose.” In comparison with this, the “National 
Formulary,” eighth edition, page 122, states: “Carbon tetrachloride Average 


Dose—Caution! As an anthelmintic for adults, single dose, 2.5 cc (approximately 
40 minims)”, and “New and Nonofficial Remedies,” 1949, page 206, states 


‘Dosage—From 2 to 3 cc.; the dose of 3 cc. should not be exceeded.” The state- 
ments suggested, it seems to us, have no proper place on a label, but rather in a 


pamphlet entitled “Directions for Use.” In addition, they are not necessarily 


accurate. In stating specifically that “one teaspoonful taken by mouth may be 


fatal,” there is the implication that less than 1 teaspoon will not. The statement 


that “the fumes from one cupfu!l breathed in a poorly ventilated place may cause 


. death,” implies that the fumes from less than 1 cup will not cause death. There 


ts great danger im such implications. Moreover, to make a specific statement as 


to quantity and then to use such vague terms as “a poorly ventilated place” 


without defining “poorly ventilated” or giving some idea of the total cubic contents 


of the “place” does not, in our opinion, add anything to the value of a label 


We agree that the term “adequate ventilation,” used in the present carbon 


tetrachloride label, is vague, but years of discussion of this term not only by the 


labeling committee of the Manufacturing Chemists’ Association but by other 


groups concerned with labeling has developed no satisfactory substitute. However, 


the forced acceptance of one vague term in a label does not justify further 
vagueness 
he title of the paper is “Carbon Tetrachloride Poisoning,” with the subtitle, 
“More Regulation, More Education Needed.” We cannot agree that more regulation 


is needed. We can agree wholeheartedly that more education is needed—education 


of marketers to label their wares adequately, education of the public to read 


labels, and education of industrial supervisors not only to read labels but to 


make themselves acquainted with the hazards from chemicals which their employees 


are to use and with their responsibility for the installation of proper protective 


devices and continuous supervision of the use of such devices 


JOHN 


H. Fourcer, M.D., Wilmington. Del 


Director of Haskell Laboratory of Industrial Toxicology Member of 


the Labels and Precautionary Information Committee of the Manu 


tacturing Chemists’ Association, Inc. of the United States 
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Abstracts from Current Literature 


General 


HyGiENe Il. Preventive anv INpUSTRIAL MeEpICcINE, IN Fiat REVIEW OF 
GERMAN ScIENcE 1939-1946. Ernst Ropenwacor and others, Office of Mili- 
tary Government for Germany, Field Information Agencies, Technical, British, 
French, United States, 1948 


This is a series of abstracts from German literature covering the period 1939 
to 1946: It has an important function in helping to fill the gap in scientific litera 
ture caused by the last war. Indexes of authors and subjects increase its value 
for reference. The subject matter is divided into seven parts, each part being the 
work of a recognized authority on the subject. The last four parts are as follows: 

Il’. Industrial Hygiene, by F. Koelsch. This part will be of special interest 
to industrial hygienists; it is the longest section of the book, occupying 53 pages, 
and its value is enhanced by the extensive experience of its author. The survey 
includes: the physiology of work; physical injuries due to radiation, concussion 
and vibration, compressed air; temperature and humidity; inorganic and organic 
poisons ; various chemical materials used in industry; hygiene of special industries, 
including metal-working, welding, manufacture of glass, manufacture of explosives 
and cold storage There are 128 references 

I’. Injuries Due to Industrial Dust, by K. W. Jétten. Abstracts and refer- 
ences are given on: methods of estimating atrnospheric pollution; injuries of the 
skin and of the circulatory, alimentary and nervous systems due to dust; the pneu- 
monias and pulmonary fibrosis due to silica and other dusts; carcinoma of the 
lungs. Preventive measures are discussed rhe references number 229 

Vl. Physiological Effect of Heat, by H. Schaefer. The discussion covers the 
heat-regulating mechanism, heat exhaustion, heat cramp, heat stroke and the local 
and general injuries from burns here are 75 references 

Vil, Noise Control, by H. Dold. This short section contains an introductory 
note on scientific methods of measuring noise. Personal protection, and technical 


measures for reducing noise are discussed ‘re are 18 references 


AFTER Mippreton Hye.] 


Tue Iron Steer Inpustry. CATHERINE Swanston, Lancet 1:19] (Feb. 4) 
1950. 


This is an epidemiologic review of experience in the British iron and steel 
industry. The industry employs from 300,000 to 400,000 with a present annual 


production of about 13,000,000 tons and an estimated 
18,000.00 tons, to be reached in 1952. It has been one 


potential production of 


of Britain's industrial main 


stays, and is a field in which the nation can take pride in industrial accomplishment 


The accident frequency rates, though a little higher than those of comparable 


industries, are not unfavorable Occupational disease, including silicosis, is not 


excessive, but cancer seems to be somewhat higher am ng steel workers than 


among others. The author states that “n upations within the industry show 


significantly high death-rates for cancer, p varly of the lungs and respiratory 
passages.” 
Puitie Drinker, Boston 


| 
) = 
i 
i 
¥ 
687 


688 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


MEMORANDUM ON THE FoRMATION oF AN INTEGRATED INpUsTRIAL HEALTH 
ORGANIZATION IN INDIA. K. C. K. E. Raya and V. M. ALBuguerRgvue, 
Ministry of Health, Government of India, New Delhi, India, 1948. 


This memorandum was prepared for the consideration of the Health Minister's 
Conference held in New Delhi in August 1948. It outlines the present and future 
position of the industrial health services of India. The authors review the 
Employees’ State Insurance Act, passed in 1948, which will give some social 
security to most of the population, including medical services and cash benefits 
for sickness, injury and disablement, and maternity benefits for women. It is hoped 
that the Employees’ State Insurance Corporation which is to be formed will pro- 
vide services to make an efficient industrial health organization. The Factories 
Bill, 1948, extends factory legislation, covering registration and licensing of fac- 
tories, employment of children and notification of occupational diseases. It is 
proposed that the responsibility of coordinating the organization should rest with 
the Central or the Provincial Ministry of Labour and that a medical branch be 
included in the Central Ministry of Labour under the Chief Factories Adviser 
Dispensaries will be established for various groups of industrial workers, some on 
the lines of health centers. It is proposed to spend part of the funds available 
on research and on rehabilitation and to establish chairs of Industrial Medicine 
at selected medical colleges. 

This scheme was approved at the Health Minister's Conference 


R. J. SHerwoop, Brookline, Mass 


Occupational Diseases and Hazards 


PULMONARY PENETRATION oF Fine Particles ADMINISTERED BY INTRA- 
TRACHEAL INSUFFLATION AND INHALATION. Gerorce V. TapLin, James 
S. Grevier and Hecene Druscn, AECU-608(UCLA-23), Aug. 22, 1949 


It has been demonstrated that Bacillus subtilis spores, measuring 0.3 to 1.5 
microns in size, penetrate to the alveoli in rabbit lungs following intratracheal 
insufflation and inhalation. They are distributed evenly throughout the pulmonary 
tree. More are seen in the trachea and the large bronchi after insufflation than 
after normal inhalation. Barium sulfate powder, micropulverized by dry grinding 
until 70 per cent by number of the particles were in this same size range, was 
insufflated intratracheally for control purposes. Complete pulmonary penetration 
was demonstrable microscopically in peripheral lung sections. Also, roentgenologi 
examination of the lungs showed penetration to the fine bronchioles. 


From Nwucrear Science ApstRacts 


Stupres ON Resprratory Gas ExXCHaNGe tN Ont Hunprep ANTHRACITE Coat 
MINERS WITH PuLMONARY CompLatnts. H. L. Morery, L. P. Lane and 
B. Gorpoxn, Am. Rey. Tuberc. 61:201 (Feb.) 1950 


Motley and co-workers obtained physiologic measurements pertaining to respira- 
tory gas exchange from 100 unselected anthracite coal miners between the ages 
of 30 and 71, who had pulmonary symptoms and a history of having been long 
exposed to mine dust. These measurements were correlated with the degree 
of pulmonary emphysema 

rhe residual air per cent of total lung volume was not significantly increased 
in approximately one third of the cases of anthracosilicosis studied. The dis- 
ability presented by the patients arose from fibrosis and the accompanying unequal 
alveolar aeration and perfusion, which decreased the amount of oxygen reaching 
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the arterial blood (the distribution factor). This factor was important in most 
cases of anthracosilicosis, regardless of the degree of emphysema. The present 
studies indicated that usually the difficulty in the transfer of gases between the 
alveoli and the blood results from poor distribution rather than from a true 
impedance of diffusion with increased resistance at the pulmonary membrane 

A pronounced decrease of the oxygen saturation of the arterial blood following 
exercise was a significant observation in the evaluation of disability because 
there was a greater disproportion between the ventilation and perfusion rations 
during work, with increased consumption of oxygen, as compared with that 
during rest The resting oxygen saturation of the arterial blood alone was 
poorly correlated with impairment of pulmonary function, as the respiratory gas 
exchange measurements might be essentially normal at rest although during 
exercise gross abnormalities were manifest 

Determination of the percentage of oxygen taken from, and carbon dioxide 
added to, the air breathed (expressed as respiratory equivalents) was helpful in 
the over-all evaluation of the impairment present, but this determination had slight 
value as a single measurement and should not be used alone 

Polycythemia and elevation of the hemoglobin level were rare findings even 
in the presence of advanced emphysema, reduced ventilatory capacity, arterial 
oxygen unsaturation, and marked dyspnea on exertion 

Data concerning pulmonary function, physiologic evaluation and chest roent- 
genograms are presented for 6 representative patients in whom there were varying 
degrees of impairment of pulmonary function. They illustrate that the major 
factors producing impairment of pulmonary function may act singly or in combi- 
nation and with wide individual variations. 

An accurate evaluation of the degree of impairment of pulmonary function 
requires measurements of ventilation, residual air, and oxygen taken up from 
the air breathed, as well as studies of the arterial blood, during both rest and 
exercise. Measurements of the pulmonary circulation are necessary in selected 
cases. The wide individual variations encountered in these determinations pre- 
clude the using of any single test for the satisfactory appraisal of disability 
in all types of cases. 


Grapuite (PLumBaco, Brack Leap) as a Source or Dusty Lune Disease 
Carey P. McCorp, Indust. Med. & Surg. 18:483 (Nov.) 1949 


This study arose out of a recent industrial compensation court hearing in a 
case in which it was claimed that disabling pneumonoconiosis had resulted from 
inhalation of graphite dust. The author reviews the nature, sources and uses 
of graphite and its physiologic action, his information being drawn from literature 
on the subject. He concludes with a “critical comment and appraisal,” in which 
he says: 


“At the present time the following statements with reference to the physiologic 
action of graphite appear to be warranted 


Graphite is readily taken into the lungs in the form of dust 


Graphite dust may lead to benign pneumonoconiosis 


Disability from graphitic pneumonoconiosis appears not to have been proved. 


Among workers with graphite, silicosis may appear from silica existing as 
an impurity in the graphite or from the general mineral from which the 
graphite was derived 

Jenign graphite pneumonoconiosis lends itself to x-ray demonstrations and 
possibly the x-ray opacities may represent only accumulations of graphite 
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All forms of graphite (crystal, flake, amorphous) appear to be equally 
innocuous physiologically 


Locally, graphite is without significant action and possibly skin coating with 
graphite affords some protection against other associated irritants.” 


R. J. Suerwoop, Brookline, Mass 


PuLMONARY Function Stupres Bituminous Coat Miners. H. L. Mottcey, 
West Virginia M. J. 46:8 (Jan.) 1950. 


Motley obtained measurements of ventilation, emphysema and the respiratory 


gas exchange from 56 bituminous coal miners with anthracosilicosis. These 
findings were compared with those in previous studies made on anthracosilicotic 
anthracite coal miners 

The author observed that the disturbances of respiration in anthracosilicosis 
were similar in bituminous and anthracite miners. No single test was adequate 
in evaluating the impairment of pulmonary function of bituminous miners. The 
findings in the chest roentgenogram were poorly correlated with the changes in 
lunction 

Measurements of vital capacity, maximal breathing capacity, residual air 
and emphysema, oxygen uptake, oxygen saturation of arterial blood and duration 
of dyspnea following exercise were the most important in evaluating the impair- 
ment. In some cases measurements of the pulmonary circulation are necessary. 
The resting oxygen saturation of arterial blood alone was poorly correlated 
with impairment of pulmonary function, because the respiratory gas exchange 
measurements might be essentially normal at rest although during exercise gross 
abnormalities became manifest 

A significant degree of pulmonary emphysema occurred in about two thirds 
of the cases studied. Fibrosis may result in disability without increasing the 
residual air by decreasing ventilatory capacity and producing unequal alveolar 
aeration and perfusion (distribution factor). The distribution factor (unequal 
alveolar aeration and perfusion resulting from the fibrosis) is primarily responsible 
for the increased oxygen gradient between the alveoli and the arterial blood rather 
than a true diffusion difficulty with increased resistance in the pulmonary membrane. 

The limitation of compensatory hyperventilation resulting from reduced vital 
capacity and maximal breathing capacity produced most of the subjective com- 
plaints of dyspnea 


\ New Purtmonary Toxomycosis. L. KOzépezy, Arch. d. mal. profess. 10:130 
1949 


In certain districts of Hungary a severe form of pulmonary disorder affecting 
people engaged in threshing millet has appeared in recent years. It is caused by 
inhaling the dust from moldy grain, and, in this connection, the presence of the 
smut fungus Sphacelotica sorghi seems to be specially significant. The disease 
is not, however, a fungous infection. It was studied in 49 persons, and clinical 
summaries of 5 cases are given 

The symptoms ‘appeared after the patients had been exposed to the dust for 
some days or weeks. Cough developed, at first dry but later with abundant grayish 
frothy sputum and sometimes slight hemoptysis, and there were, in addition, dis- 
tressing dyspnea, fever (39 C. [102.2 F.]), anorexia, lassitude, fatigue and muscular 
weakness, There was usually anemia of a secondary type, with polymorphonuclear 
leukocytosis, occasionally with eosinophilia, and an increase of the red cell sedi- 


mentation rate. The roentgenogram of the chest showed pulmonary opacities, some 
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times confluent, and fine homogeneous streaks over both lungs but most marked in 
the right upper lobe and much less marked toward the bases, while the apexes were 
quite clear. 

The sulfonamide drugs relieved some symptoms, which were probably caused 


The most effective 


by secondary bacterial infections, but did not cure the disease 
injections of an 


Aropine salt. This had the effect of relieving bronchial spasm, lessening the 


treatment was the oral administration of potassium iodide and 


edema of the bronchial mucosa and liquefying the sputum, and when followed by 
a period of complete rest, restored several of the patients to fairly good health 

The author attributes the disorder to the toxic effects of the inhaled organic 
dust particles These paraly ze the ei he bronchial mucosa In consequence 
the foreign matter accumulates a ovo ) coughing rhe coughing 
effort leads to dilatation of the smaller branc! f the bronchial tree and, with 


deep inspirations, the irritant particles ; ied into the bronchioles and alveoh 


The particles act as allergens and provoke ar idative edema of the bronchial 
mucosa, which, by obstruction leading to atelectasis, causes dyspnea. From the 
bronchioles and alveoli the particles are picked up phagocytes and transported 
through the lymphatic channels to the adventitia t bronchiol and related 
blood vessels, where they stimulate a cellular reaction and cause lymph stasis and 
edema. Loss of elasticity of the bronchiolar and vascular walls, sometimes with 


degeneration and dilatation, occurs, and tibro follows eventually. [The symptom 
complex of this disease, although more severe, recalls that of other pulmonary 


disorders associated with inhalation of moldy vegetable 


dust, notably farmer's 
lung (hay dust) and thresher’s lung (grain dust 
\rrer J Duncan [Bt Hyc.| 
LER, Deutsel ( May 
20) 1949 

This article includes a short review of the early observations beryllium 
disease in Europe, and the results of quarterly examinations of certain beryllium 
workers. It is shown that avoidng use of fluorine compounds in the processes 
of manufacture did not prevent the occurrence of beryllium disease The view 
is expressed that the hydroxide and ground fritted compounds of beryllium have 
been responsible for the observed pulmonary changes. Symptoms complained 


of by 34 patients included temporary or almost constant dyspnea, pais referred 


to the precordium, and stabbing or dragging pain in the chest, especially im bad 


weather. Objectively, bronchitis was found in 24 patients and conjunctivitis 
in 3. Of electrocardiograms, & indicated injured myocardium, and 3 coronary 
insufficiency ; none of the patients had heart trouble before working with beryllium 
Roentgenologic examination of the lungs sl ed congestion, minimal tuberculous 
lesions, pneumonoconiosis in 3 patients and miliary nodulation in 12; emphysema 
and adhesions were also found 

Relapse was frequent in cases of bronchitis, bronchiolitis and bronchopneumonia 
In 2 fatal cases autopsy showed large cell alveolitis with extensive carnification 


without fibrinous exudate 
Legal recognition of beryllium disease ; only to the lungs, although 
injuries of heart, liver, kidneys and bones ; cur; the hope is expressed 


hese fz “tl he recogniz 
that these facts will be recognized Arrer E. L. Mropteros (Butt 
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AND 


OCCUPATIONAL MEDICINE 
Ow Dermatitis Cavusep sy ForMALDEHYDE AND Its Compounns. V. PiriA and 
O. Kitp16, Ann. med. int. Fenniae 38:38, 1949. 


After a survey of the previous literature, the authors analyze their observations 
on 30 cases, 24 of which were occupational ; 20 cases were caused by a commercial 
formaldehyde solution (40 per cent) and 4 by formaldehyde resin. In 2 of the 
6 remaining cases the commercial solution was used as an insecticide, in 2 as 
a medicament and in 2 for other purposes. Vegetable glue, which contained 
0.25 to 1 per cent of the commercial solution as a preservative was the cause of 
dermatitis in 14 cases. In 7 of these cases the patch test produced a positive 
reaction to a 4 per cent dilution of the commercial formaldehyde solution (40 per 
cent); in 7 it was negative. In the latter cases the condition was thought to be 
either a toxic dermatitis caused by even a weak concentration of formaldehyde in 
favorable conditions (wet work, the effect of paste, slight alkalinity) or due to a 
local sensitization. The effect of hexamethylenetetramine taken internally was 
studied in 3 cases; a previously healed allergic dermatitis flared up in 2 cases and 
formaldehyde reactions in 1 case. In 5 of the 24 cases due to occupation the 
dermatitis lasted over a year, in 6 six to twelve months, in 10 one to six months, 
and in only 3 cases was it cured in less than a month. Altogether 17 patients 
were incapable of work. The disability lasted in 1 case over one and a half years, 
in 6 one to six months and in 10 less than a month. Nine patients had to 
change occupation. It seems that at least in 1 case in which the patient continued 
the same work her skin became somewhat hardened to the aforementioned formal- 
dehyde solution. Finally, the writers discuss the prevention and treatment of 


dermatitis due to formaldehyde. Aurmons’ Summary 


Industrial Toxicology 


30NE Marrow REGENERATION IN EXPERIMENTAL BENZENE INTOXICATION. B. 
STEINBERG, Blood 4:550 (May) 1949. 


Benzene intoxication was induced in a number of rabbits in order to study 
the factors which regulate production of leukocytes. One or more of the marrows 
of long bones was completely extirpated. After varying intervals, the animals 
were killed. The regenerated marrow was studied. Comparisons were made with 
regeneration in normal animals and with the intact marrow of animals treated 
with benzene. The appearance of regenerated and intact marrow was correlated 
with the degree of benzene intoxication. 

In normal animals, regeneration of extirpated marrow proceeded in a more 
or less sequential order. At first there was formation of sheets of primitive 
reticular cells and bone trabeculae, followed by fat cells and then by myeloid tissue. 
In severe benzene intoxication, the extirpated marrow regenerated only to the point 
of formation of primitive reticular cells. Further regeneration was halted at the 
point of formation of fat cells. Myeloid activity appeared to be predicated upon 
the presence of fat cells. At least, one part of the mechanism by which benzene 
induces aplasia of bone marrow is probably the inhibition of cell division and 
maturation past the level of the primitive reticular cell. 


From THE AuTHOR’s SUMMARY. 


CARBON TETRACHLORIDE PorsoNING IN MAN: .[. THe MECHANISMS oF RENAL 
FarLure anp Recovery. J. H. Strora, J. Clin. Investigation 28:1412 (Novy.) 
1949 


Sirota studied the renal function of 4 male patients with acute renal damage due 
to inhalation of carbon tetrachloride. These studies were started between the 
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8th and llth day following the onset of oliguria and were continued periodically 
for as long as 60 to 320 days. 

Renal venous blood was obtained by catheterization of the right renal vem 
Para-aminohippurate was used as the test substance. In 2 of the 4 subjects there 
was a sharp reduction in the renal plasma flow and the para-aminohippurate 
renal extraction ratio. On the &th day of oliguria the renal plasma flow in 
one of these subjects was 2.45 cc. per minute and the para-aminohippurate extraction 
ratio 0.034. On the 13tn day following the onset of a questionable 2 day oliguric 
period the second subject had a renal plasma flow of 160 cc. per minute and a 
para-aminohippurate extraction ratio of 0.106 in spite of a urine flow of over 
3,000 cc. per 24 hours. In a third subject both the renal plasma flow and the 
para-aminohippurate extraction ratio were normal on the 24th day. The fourth 
subject, who had suffered oliguria for 17 days, had a renal plasma flow of 
592 cc. per minute on the 37th day and a continued depression of the para aminohip- 
purate extraction ratio to 0.594. Because of the low para aminohippurate extrac 
tion ratios, the clearance of this substance is not a valid measure of renal 
plasma flow during oliguria and early diuresis following carbon tetrachloride 
poisoning. 

The oliguria and anuria of carbon tetrachloride poisoning and the distinctly 
depressed renal clearances of all substances during early diuresis are the results 
of a severe reduction of renal blood flow and glomerular filtration as well as of 
abnormal tubular back-diffusion of the filtrate. It is probable that back-diffusion 
plays the most important role during early oliguria as dec reased renal blood flow 
does during late oliguria and early diuresis. 

The recovery of renal function following acute renal failure due to carbon 
tetrachloride poisoning is characterized by three clinical phases. The first phase 
starts with the cessation of oliguria and is associated with rising plasma creatimine 
and urea concentrations in spite of an adequate urine flow. It lasts from 1 to 
3 days, during which time there is little change in clearance of inulin, endogenous 
creatinine and para-aminohippurate. The second phase starts with a rapid decline 
of the plasma urea and creatinine levels and a simultaneous rapid rise in the 
clearance of the aforementioned substances, which reach 40 to 70 per cent of normal 
by the 40th day following the onset of oliguria. The third phase, starting about 
the 40th day, is characterized by gradual improvement of renal blood flow and 
glomerular filtration, so that the lower limit of normal is reached between the 
100th and the 200th day. During this phase the ability to elaborate a maximally 
concentrated urine is recovered 

During the early part of the recovery phases the tubular maximal excretory 
capacity for para-aminohippurate reached high normal or supernormal values 
in 3 patients. These values gradually declined to the expected norm, The ratios 


of inulin clearance to tubular maximal excretory capacity for para-aminohippurate 
and of para-aminohippurate clearance to tubular maximal excretory capacity for 
this substance, however, were significantly lower than normal in all 4 patients 
when last determined on the 60th, 250th, 307th and 331st day, respectively, suggesting 
some residual vascular damage. 


RELATION BETWEEN THE Toxic Action oF CHLORINATED METHANES AND THEIR 

CHEMICAL AND PHYSICOCHEMICAL PROPERTIES W. F. von OF8TTINGEN, 
C. C. Powett, N. E. SHarpress, W. C. and L. J. Pecora, National 
; Institute of Health Bulletin, United States Public Health Service, Federal 
Security Agency, no. 191, 1949. 


For mice the lethal concentrations (LD) of the chlorinated methanes, based on 
single seven hour exposures, are as follows: methyl! chloride, 3,000 p.p.m. ; methylene 
chloride, 1,600 p.p.m.; chloroform, 5,700 p.p.m.; carbon tetrachloride, 9,500 p.p.m. 
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Dogs were used in determining the effects of vapors containing these four 
substances, respectively, in concentrations of 15,000 p.p.m. of air, on the respiration, 
the circulation and the nerve functions. The concentrations of the vapors found in 
the blood, the heart, the liver and the brain are also reported. Of the four 
substances, only carbon tetrachloride was concentrated in the brain to a definitely 
greater extent than in the other tissues 


It is concluded that the true narcotic action. based on the concentration of the 
substance in the blood rather than in the air, increases with the addition of each 
chlorine atom 


The rates of hydrolysis of the four chlorohydrocarbons, and their partition 
coefficients between oleic alcohol and water, were also determined 


It is concluded 
that, with the exception of methyl chloride, satisfactory 


relationships between 
physicochemical and toxicologic properties can be established, In 
however 


some Cases, 


secondary physiologic effects cause apparent discrepancies. 
Hervey B. Evxins, Boston 


Mevicat Procress: Toxtcorocy Josepn T. Waker, 


New England J. Med 
242:22 (Jan. 5); 56 (Jan. 12) 1950 


Here is an extraordinarily provocative discussion of 


Dr. 


to man’s need to adjust to his environment lo meet these needs there 


a vast and urgent field 
Iker points out that the growth of knowledge of toxins is directly related 
has 
risen a body of data bearing on agricultural, industrial military and therapeutic 
poisons-—the latter group including not only chemotherapeutic agents like the sul 


fonamides but also antibiotics like penicillin stre stomycin 


Quantitative knowledge or cause and effect in toxicologi« problems has been 


made possible by dramatic advances in methods of analysis. Spectrographic, 
spectrophotometric and polarographic analytic methods are here described briefly 
Chromatography and complex formation are interesting measuring approaches 
presently heing developed for a variety of toxic logic analyses in which minute 
amounts are involved. Histochemistry is employed where knowledge of the site 


of action in biologic material is employed as a means of detecting a poison. The 


author points out that the principle on which these methods are based has been 
known for some years but the recency of the dates of the reterences supplied 
emphasizes the fact that the utilization of these principles has taken place chiefly 


within the last decade 


Using cyanide, carbon monoxide, methanol. 


alcohol, arsenic, fluoroacetate and 


the phosphoric acid esters as examples, Dr. Walker gives a most interesting summa 


tion of the current notion of the mechanisms of action of these toxic materials 


rhe concept that an enzyme may. be inhibited by action of a potson with the 


result that there is a crucial interference in metabolism is fundamental. An enzyme 


may convert a toxic substance, and the resultant compound may be of very different 
potential. The manner in which 2, 3 dimercaptopropanol (BAL, or British anti 
lewisite) competes with arsenic compounds which have combined with the -SH 


groups of enzymes ‘is used to illustrate the finding that chemical means may be 


employed to remove a poison from the site of its toxic action. This brilliant dis 


covery substantiates the interesting prospect suggested by this review—namely, 
that toxicology, because of the needs past and present, has and is making importan 
contributions to our knowledge of basic cellular activity 


Harriet L.. Harpy, Cambridge, Mass 
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Tue Leap Content or Bioop anp Frum in EXPeRtMENTAL 
Leap Porsonrnc. G. Stravusr, Klin. Wehnschr. 26:595 (Oct. 1) 1948 


The blood and the cerebrospinal fluid of sheep are normally free from lead, 
and death from lead poisoning occurs with a relatively low blood lead content 
Three sheep were given increasing doses of lead acetate by mouth over a period of 


several months. The blood and the cerebrospinal fluid were analyzed for lead 


by the microanalytic method of Schmidt and Weyrauch as modified by Muller and 
Necke. The lead content of the blood rose to 20 to 30 micrograms per hundred 
cubic centimeters after four to four and one-half weeks’ feeding in 2 of the 
animals and after twelve days in the third. When this content was reached, that 
of the cerebrospinal fluid was 6 to 9 micrograms per hundred cubic centimeters, 
a level which rose and fell with increases and decreases of the blood content 
but never closely approached or exceeded the blood content All 3 animals 
showed symptoms, referred first to the central nervous system (paralysis of 
the hind and fore legs), followed by gastrointestinal symptoms; 2 died with 
toxic spasms. At autopsy no trace of lead was found in the brain, but the 
bone marrow of 2 animals contained 8,030 micrograms and 2,810 mucrograms 
per hundred cubic centimeters and the liver 60 micrograms when the blood contained 
only 49 micrograms per hundred cubic centimeters 

The permeability quotient of the blood—cerebrospinal fluid barrier in general 
showed slight diminution in 2 animals, but there was a marked increase in one ot 
them when the lead content of the blood reached 110 micrograms and that ot 

»?> 


the cerebrospinal fluid 22 micrograms per hundred cubic centimeters 


The author suggests that the decrease of the permeability quotient, denoting 


increased permeability of the membrane, may be the expression of a lesion of the 


central nervous system, while the increase in one animal may have been due 


to a thickening of the membrane by a selective protective action agamst a swit 


marked increase of the blood lead content. He concludes that there is parallelism 


between the lead content of the blood and that of the cerebrospinal fluid, becoming 


less close at the higher levels of the blood lead 


Arter Ernent Brownine [B 


LL. 


Medicine and Surgery 


SURGICAL REHABILITATION OF THE CORONARY CRIPPLE S. A. THompson and 


M. J. Ratspeck, Ann. Int. Med. 31:1010 (Dec.) 1949 


Thompson and Raisbeck present their experience concerning the surgical 
rehabilitation of those cardiac patients who are crippled by the anginal pain of 
disease of the coronary arteries They do not expect all such patients to be 
restored equally However, they have a definite criterion of what constitutes 


rehabilitation of these patients, and it consists of the following: (1) a relief of 


anginal pain, which may be partial or complete, (2) an increase of the exercise 
tolerance such that walking and ordinary traveling are possible, (3) an ability 
t to care for the daily needs and (4) a return to some gainful occupation 
: After reviewing experimental attempts to produce a collateral circulation, the 


= authors discuss the selection of patients for operation. They regard the following 

as necessary factors: a positive diagnosis of disease of the coronary arteries with 

4 angina, a lack of improvement after fairly, prolonged medical treatment and an 
extreme degree of disability 

The operation begins with an incision over the fifth left costal cartilage 


: Approximately 2 in. (5 cm.) of this cartilage is removed, leaving the perichondrium 
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The pericardium is opened for a distance of 2 in. Five to ten minutes before the 
pericardium is opened, the patient receives 5 cc. of a 2 per cent procaine hydro- 
chloride solution intravenously to desensitize the myocardium. After the peri- 
cardium has been opened, the fluid is aspirated with a soft rubber catheter, and 
the anterior surface of the heart is inspected and palpated for previous infarcts, for 
adhesions and for the condition of the descending branch of the left coronary 
artery. Approximately 2 drachms (7.76 Gm.) (by volume) of dry sterile talc is 
spread over the anterior surface and the right, left and inferior borders of the 
heart. The powder is spread as evenly as possible so that the myocardium is 
white but the powder is not caked in one spot. The wound edges are protected 
from the powder by covering them with moist gauze. The pericardium is now 
loosely and incompletely closed with fine catgut and the soft tissues are closed 
in anatomic layers 


The procaine hydrochloride solution is now injected intravenously rather than 
being topically applied on the myocardium. The operation can be performed in 
less than thirty minutes. 


Although the operation cannot be regarded as a cure, it is a means of producing 
a collateral circulation plus myocardial hyperemia. The myocardial ischemia is 


overcome in this manner by extracardiac as well as by intracardiac collateral vessels 


The operation was performed on 36 patients. Six of these died in the hospital 
and another died three weeks later. Two others could not be traced. Of the 
remaining 27 patients, 4 have died, but 23 are living, 1 of whom has survived nine 
years since the operation. Two thirds of the patients received some benefit 
from the operation, and the authors believe that the results of this form of surgical 
rehabilitation ane excellent 


OcuLar INJURIES IN THE ARMED Forces 
(Jan. 21) 1950. 


Stone, J. A. M. A. 142:151 


Statistics of the ocular injuries occurring in the Armed Forces during World 
Wars I and II are given. The great value of adequate attention to, and training 
in, safety precautions is emphasized. In one theater of operations these measures 
alone reduced the accidents from 120 to 40 per thousand per annum 


Mary O. Amour, Cambridge, Mass 


OcvuLar Contusions tn NATIONAL EMERGENCIES. Brittain F. Payne, J. A. M. A 
142:243 (Jan. 28) 1950. 


Contusions of the eye are nonperforating wounds caused by explosions or blows 


in which the fibrous tunic, the cornea and the sclera remain intact. Explosive 


contusions involve in many cases the anterior segment of the globe. Blows from 
blunt objects affect both anterior and posterior segments but frequently mainly 
the latter. A review and discussion of the major changes which occur in contusions 
of the eye are presented. Some general principles of therapeutic management are 


outlined Mary O. Amour, Cambridge, Mass. 


PROTRUDED 


LuMBAR INTERVERTEBRAL Discs: Resutts FoLLowinc 
anp Non-SuroicaL Tuerapy. B, M. Surnners and W. B. Hampy, J. Neuro- 


surg. 6:450 (Nov.) 1949. 


Shinners and Hamby sent questionnaires to 355 patients who had been operated 
on for protruded lumbar intervertebral disk, and to 200 patients who had not 
been operated on. They give figures to show that a higher percentage of the 
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patients who had been operated on considered themselves cured and were 
working. It was found that better surgical results were obtained with private 
than with compensation patients, and it seems that the difference lies in the rules 
for compensation adjustment. They suggest that an insurance company make a 
statistical survey of its groups of patients who were disabled by low back pain and 
sciatica (including such classifications as “sacro-iliac strain,” “lumbago,” ete.) for 
equal periods before and since the advent of the surgical treatment of disk 
protrusions 


INFECTION AND Sepsis IN INDUSTRIAL Wowunps or THE Hanp. R. E. O. WILtiamMs 
and A. A. Mires, Medical Research Council, Special Report Series, no. 266, 
London, His Majesty's Stationery Office, 1949 


Infections of wounds incurred by industrial workers during the war caused 
considerable damage to the industrial war effort. The Medical Research Council 
set up a Wound Infection Research Unit at the Birmingham Accident Hospital 
In Birmingham industrial wounds, largely of the hand and forearm, were sufficiently 
numerous to allow the selection of wounds of certain types, so that controlled 
investigation of reasonably uniform groups was possible. The investigation described 
in this report covered 2,300 wounds 

Staphylococcus aureus and Streptococgus pyogenes overwhelmingly predominated 
as causes of infection, and the former pe far more ubiquitous than is generally 
suspected. A large proportion of persons examined carried Staph. aureus in the 
nose, and carriers constantly contaminated their own skin. The high incidence 
of staphylococcic infection of industrial wounds could be attributed mainly to cocci 
present on the patient's own skin at the time of wounding. Streptococciec contami- 
nation of the normal skin is rare, and streptococcic wound infection was less 
frequent and more likely to be the result of adding streptococci during treatment 
of the wound. 

There was definite evidence that wound infection due to contamination of the 
wound at infliction could be diminished by vigorous washing of the wound at its 
first treatment. Sodium chloride solution was no less effective for this purpose 
than a solution of a bactericidal detergent. “Added” (or “hospital”) infection was 
diminished by the adoption of a rigorous no-touch technic of wound dressing 
and revised aseptic routines. A single local application of an antibacterial agent 
made at the first treatment was largely ineffective 


Tuomas Beprorp, London, England 


INCAPACITY FoR FROM A Mepicat Pornt or View. H. A. M. San Martin, 
C. Detave, J. M. Memeprives and J. M. Masera, Med. depor. y trab. 18: 
2300 (March) 1949 


Environmental Conditions 


Hazarps AssocraTep WitH Manvracturine. J. E. South 
M. J. 43:116 (Feb.) 1950 


Williams says that the hazards affecting the health and well-being of employees 
in chemical manufacturing vary greatly with the type and diversity of operation 
The plant with which he is associated manufactures plastics, cellulose acetate, 
yarn, hydroquinone and miscellaneous chemicals. These operations, with their 
numerous intermediates, present a wide variety of hazards and potential hazards. 

First, an attempt is made to keep as complete and up-to-date a toxicologic 
library as possible. Though at the aforementioned plant it is felt that they 
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cannot expect someone else to develop all their toxicity data for them, it is impor- 
tant to prevent duplication, so that time, energies and money will not be wasted. 
The Federal Security Agency has established a chemical-biologic coordination 
center for collecting and cataloging chemical, physical and toxicologic information 
trom all sources. Such an organization is of great value as a source of references, 
and every organization that has information to contribute should do so. Second, 
an attempt is made to see that these chemicals are handled as safely as possible, 
with the employee's exposure being held to a minimum until a safe allowable 
concentration is determined. Third, short term, acute toxicity studies are done 
on animals. Fourth, constant laboratory examinations are performed over long 
periods on employees working in departments with potentially toxic operations. 
Fifth, important leads on chemical hazards may be found in the medical dispensary 
by alert industrial nurses, during routine recheck physical examinations by the 
industrial physician, and through good cooperative working relationships with 
the employee's family physician. 


Ventilation, Air Conditioning and Engineering Control 


Conrro: or BeERYLLIUM IN A METALLURGICAL LABORATORY. 
NoRMAN P. Pinto, AECU-415 (Sept. 23), Aug. 24, 1949 


rhis report describes the facilities of a laboratory which is engaged in research 
and development in the powder metallurgy of beryllium Experience with the 
handling of beryllium provides confidence in the safe operation of this installation. 
The complete ventilation system, including the supply-air distribution system, 
exhaust system and hoods, is described fully and its effectiveness evaluated. The 
additional facilities, including respirators, clothing, showers and cleaning methods, 
are discussed. The medical program for the surveillance of the health of workers 


s outline . 
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Dust Contro: in tHe Ceramic Inpustry. W. C. Hemeon, Am. Ceram. 
Soc. Bull. 28:94 (March 15) 1949 


The author first discusses dust control especially in relation to plant expansion 
and modernization, Then the separate operations—the handling of raw materials, 
overhead bins, etc., weighing and charging—are considered separately, with their 
problems. The adding of a small amount of water to flint dust is recommended 
for box car shipments, and for weighing and charging, as being better than exhaust 
ventilation, shipping in bags or other methods that have been advocated. The 
dust may present a silicosis hazard or it may be a nuisance. The former must 
be eliminated with the least delay, but time can be taken to eliminate nuisance 
dust. Measuring the silicotic hazards includes counting of dust particles, deter- 
mination of the free silica and roentgenologic examination of the employees \ 
table shows the relative toxicity, the dustiness, and the product of the toxicity 
multiplied by the dustiness in the glass, silica brick and pottery industries. The 
economics of dust control is then discussed briefly, to show how the law of 
diminishing returns operates when unnecessary steps are taken to insure complete 
dust removal. 


From Hyerexe Dicest 
Some Practicat or Dust PREVENTION IN COLLIERIES. T. A. Rocers 
G. Warner, Tr. Inst. Mining Engineers 108 :287 (April) 1949, 
During recent years much work has been done in the study of the dust hazard 
in South Wales collieries, and in fighting that hazard. Whatever may be revealed 
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by medical studies concerning the importance of this or that fraction of the dust 


in mine air, the essential problem for the mining engineer will still be to suppress 
dust as far as is possible 
The reduction of air-borne dust in mines depends on (1) the adoption of 


methods of work which produce as little dust as possible, (2) good ventilation 
practice and (3) the use of dust-suppressive measures. These factors are discussed 


The dust-suppressive measures now practiced include 
(a) Wet-drilling in all hard ground, and sometimes in coal 
(b) Wet-cutting on machine faces 


(c) Water infusion on hand-worked faces, 


or on machine faces betore 
cutting. 


d) Hand-spraying of water at the working face, alone or in conjunction with 
other suppressive measures 


(e) Use of dust-suppressive devices on pneumatic picks 
(f) Provision of fixed sprays or mist projectors at conveyor transfer 


loading 
points. 


(9g) Spraying of loaded trams 


(h) Allaying of dust on roadways by water or chemical treatment 


(+) Control of dust residues on screening plants 
For dust assessments various instruments 


are used, and brief descriptions of 
these are given 


The improvement of working conditions achieved by the use of dust control 


measures is exemplified by data drawn from recent experience 


This is an important paper 
pal Tuomas Beproro Hye. | 
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Book Reviews 


The Psychologist in Industry. By M. E. Steiner. Pp. 107. Price $2. Charles 
C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill, 1949. 


This little handbook was designed to assist employers, supervisors and coun- 
selors to a better understanding of the methods and accomplishments of the 
industrial psychologist. It is comprehensive, readable and thorough. The first 
section, on methods of selecting and placing the worker in industry, comprises 
two thirds of the volume; the second part summarizes the results of studies on 
conditions relating to morale in the plant, such as fatigue, accidents and absenteeism ; 
the third discusses counseling service for the individual employee. 

The principal types of tests used in placement and counseling are described 
in some detail, and their usefulness and limitations are impartially discussed. 
The Rorschach test is useful in detecting emotionally disturbed persons. A number 
of studies the author cites suggest the pdssibility of differentiating workers with 
potentially good work adjustment from those with poor adjustment in a specific 
job situation by means of the Rorschach test. Lists of frequently used tests 
and their sources are published in the text. 

The final section on counseling is again primarily concerned with vocational 
counseling for individual employees who ‘are not making a good job adjustment 
or who feel dissatisfied with their situation. The author seems to assume a sharp 
division of labor between the psychologist, who has the vocational counseling 
function, and the psychiatrist, to whom emptionally disturbed workers are referred. 
The question might well be raised whether| in actual practice, owing to the scarcity 
of psychiatrists and the increasing interest $f psychologists in therapeutic counseling, 
the industrial psychologist may not frequently be called on to give therapeutic 
help in minor disturbances. The book would therefore be strengthened by a 
brief discussion of the principles of psychiatric first aid. Another omission is the 
failure to discuss the relation between the worker's off-the-job problems and his 
adjustment in the plant; or to indicate what part industrial psychologists might 
play in developing a program which would coordinate the mental hygiene efforts 
of the industrial medical staff with those of the whole community. 


NOTICE 


The index for Volume 1 will be mailed with the July 1950 number. 
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S. she weakens—she goes on an ice cream bender. 
Will she return to the prescribed course of calorie-counting, or will this 


be the turning point when many physicians prescribe DesoxyN 
Hydrochloride? There’s good reason for prescribing Desoxyn—a little 
goes a long way. Small daily doses decrease the craving for food, 
increase the energy output and impart a feeling of well-being 
which encourages dietary adherence. 
Smaller dosage is possible because weight for weight Desoxyn is more 
potent than other sympathomimetic amines. One 2.5-mg. tablet 
before breakfast and another about an hour before lunch is usually 
sufficient. A third tablet may be taken in midafternoon if necessary, 
and if it does not cause insomnia. Investigators have shown, too, 
that Desoxyn has a faster action, longer effect and relatively few 
side-effects. With judicious use Desoxyn is safe, simple and effective. 
Why not give it a trial? On it may lean the continued 


cooperation of a sweet-famished obese patient. Abbott 


PRESCRIBE 


When 
She's 
Tempted 


by Forbidden Foods 


\Z asters 


AN) 2.5 mg. and 5 mg. 


— 20 mg. per fividounce 


(2.5 mg. per fuidrachm) 


> 4 AMPOULES 
\} 20 mg. per cc. 


D E ~ OX YN Hydrochloride 


( Methamphetamine Hydrochloride, Abbott) 
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Now PROOF... in an instant, Doctor, 
PHILIP MORRIS are LESS IRRITATING 


Just Make This Simple Test: 


... light up your present brand 

Puitip Morris DON'T INHALE. Just take a puff and 

Take a puff-DON’T INHALE. Just s-l-o-w-l-y let the smoke come through 
s-l-o-w-l-y let the smoke come through your nose. Notice that bite, that sting? 
your nose. Easy, isn't it? AND NOW... Quite a difference from PHILIP Morris! 


YES, your own personal experience confirms the results of the clinical 
and laboratory tests.* With proof so conclusive, would it not be good practice to 
suggest PHILIP MorRIs to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc. 
100 Park Avenue, New York 17, N. Y. 


Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245; N. Y. State Journ. Med., Vol. 35, 6-1-35, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jan. 1937, Vol. XLVI, No. 1, 58-60 
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